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LF/HF SIGNAL TRACER 


WAYS 





WO 


T. Giffard 


Second in our series of budget test equipment, the signal tracer 
presented here is a versatile instrument that offers a signal 
generator, a tracing amplifier, a millivolt meter and an AF monitor 
amplifier with loudspeaker output in a single, compact enclosure. 
These functions make the instrument particularly suited to testing, 
servicing and aligning a wide range of electronic equipment. 


One particularly useful feature of the 
present sinal tracer is that every one of its 
functions mentioned above is available 
separately. For instance, the preamplifier 
with accurately defined, selectable, gain 
may be used as a ‘drop-in’ amplifier 
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which is often required for measurements 
at low signal levels, Similarly, the sine- 
wave oscillator, the millivolt meter and 
the monitor amplifier may be used on 
their own. 


Input circuit 


The signal tracer has two inputs — see the 
circuit diagram in Fig. 1. The LF (low fre- 
quency) input socket is connected direct 
to a high-impedance (1 MQ) resistor lad- 
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Fig. 1. 


der network. The HF input also feeds this 
network via a germanium diode, Di, and 
a coupling capacitor, C1. The ΤΕ input 
socket is used for all alternating-voltage 
measurements. The HF input is intended 
for tracing amplitude-modulated (AM) 
high-frequency signals in receiver cir- 
cuits, The diode and the coupling capaci- 
tor form an AM demodulator whose 
output signal is fed to the resistor ladder 
network. Next, level selection switch St 
passes the signal to the input of ICi. The 
AM demodulator is particularly suited to 
repair work on receivers and communica- 
tions equipment, and enables amplitude- 
modulated audio and video signals at 
intermediate frequencies to be traced. 

Double-pole rotary switch Si functions 
as a range selector (Sis) and an on/off 
switch (Sib). 

The voltage range of both inputs is 0 V 
to 100 V, as determined by the relevant 
rating of the input capacitor. In theory, the 
lowestsetting of the range switch (contact 
6 of Sia) creates a 1,000 V range. Apart 
from being far outside the voltage rating 
of the input capacitor, such a range has no 
practical use in combination with a milli- 
volt meter having a dB (decibel) read-out. 
Switch positions 1 (I0 mV) through 5 


Circuit diagram of the versatile signal tracer. 


(100 V) form the normal ranges, divided 
into decades. The instrument is turned off 
by selecting position 6 

The 100 V range should be ample for 
mostapplications: after all, a peak voltage 
100 V, supplied by an AF amplifier with 
4 Q output impedance, corresponds to a 
power output of no less than 1,250 W. 

Diodes D7 and Ds protect the high- 
pedance input amplifier, ICi, against volt- 
age peaks greater than about 100 V. 
Resistor Rio and the two diodes can not, 
however, afford protection against con- 
tinuous overvoltage. The input may be 
givena higher maximum input voltage by 
increasing Rio, but only at the cost of a 
significant bandwidth reduction. 

The high input impedance (1 ΜΩ) of 
the signal tracer is inevitably coupled to a 
relatively large, negative, effect of stray 
capacitance associated with the resistors 
and the rotary switch. Capacitors C2 
through Cs are provided to compensate 
this capacitance, and result ina 3 dB band- 
width of about 350 kHz. 

A low-power CMOS opamp Type 
TLC271 is used as the input amplifier be- 
cause it offers high input impedance and 
bandwidth when powered from a single 
supply rail. The required drive margin is 





ensured with potential divider Rs-R», 
which holds the + input of the opamp at 
about half the supply voltage. The high 
value of these resistors, 22 MQ, ensures 
that the resistor ladder network is only 
lightly loaded. 


Tracing amplifier 


The output signal of the input amplifier, 
IC;, is applied to a linear potentiometer, 
Pi, before it arrives at the input of the 
measurement amplifier, a discrete circuit 
around T: and T». Preset Pz allows the 
range of P: to be set to about 20 dB, corre- 
sponding to the ranges of Si. The poten- 
tiometer serves as a variable attenuator 
that enables a particular reference level to 
be set on the moving-coil meter. If, for 
instance, the reference level is set to 0 dB, 
the -3 dB and -6 dB levels are easily read 
from the meter scale. 

The measurement amplifier has a 
bandwidth of about 800 kHz. The lower 
cut-off frequency is set to 16 Hz by Cis, the 
decoupling capacitor with feedback resis- 
tor Ru. A lower cut-off frequency would 
be achievable by a increasing Cis. This is 
not recommended, however, since it leng- 
thens the stabilization period of the in- 
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Fig. 2. The printed-circuit board is geared 


strument at power-on. With Cis at the 
given value, this stabilization period takes 
about 1 s. Feedback network Ru-Ri7 is 
dimensioned for a voltage amplification 
of 100 (40 dB). 

The power stage of the measurement 
amplifier has an output impedance of 
about 600 Q, as determined by Rz0-Ro1. 
The output signal is fed to socket Ks via 
Cu, to the moving-coil meter circuit via 
Cis, and to a small monitor amplifier via 
Cr. 

Summarizing the above, the circuit be- 
tween the LF input socket and the 600 Ω 
output is a calibrated amplifier with high 
bandwidth, having a gain range of -40 dB 
to +40 dB in 20 dB steps, and an addi- 
tional, continuously variable, 20 dB atte- 
nuator. 


The meter circuit 


The passive rectifier with germanium 
diodes D2- Ds and moving-coil meter Μι 
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to the front-panel foil to give a compact and simple-to-build test instrument. 


offers a relatively high bandwidth and a 
slightly logarithmic behaviour in the 
lower part of the meter range, which 
allows a dB scale to be made that is easily 
read (see the scale design in Fig. 3). 

The Type AAZ18 diodes drop only 
0.15 V at a forward current of 50 pA, and 
hardly affect the linearity in the lower part 
of the meter scale. Although other, simi- 
lar, germanium diodes may be used, it 
should be noted that these may have 
slightly different characteristics, requir- 
ing the given meter scale to be modified. 

The value of electrolytic capacitor Cie 
connected across the meter terminals has 
been chosen to stabilize the indication at 
relatively low frequencies without slow- 
ing down the average value conversion. 
Silicon diode Ds protects the meter coil 
against voltages greater than about 0.6 V. 

The meter circuit is simple to align: 
controls P: and Si are set to 0 dB, and 
preset Ps is adjusted for full-scale deflec- 
tion (f.s.d.) when an alternating voltage of 


1 Vrms is applied to the LF input. The f.s.d. 
values in the other decade ranges of $1 are. 
10 mV (-40 dB), 100 mV (-20 dB), 10 V 
(+20 dB) and 100 V (440 dB). The meter 
may, of course, be provided with a voltage 
scale, provided this is corrected as re- 
quired by the non-linear indication at 
small deflections. 

The meter used for the prototype has a 
double scale, which was found particular- 
ly useful for AF measurements. The upper 
scale indicates dBs relative to 1 mW into 
600 Q, and has a 0 dB indication corre- 
sponding to 0.775 V. The f.s.d. value of 1 V 
is reached at an AF signal level slightly 
higher than «2 dB. On the lower dB scale, 
the 0 dB indication at f.s.d. is defined at a 
voltage level of 1 V. 


Monitor amplifier 


The monitor amplifier, ICs, receives the 
output signal of the measurement ampli- 
fier via coupling capacitor C17. The famil- 





Parts list 


Resistors: 

Ri = 1M0; 1% 

Re = 100k; 1% 
R3 = 10k; 1% 

Ra = 1k0; 1% 

Rs = 1000; 1% 

Re = 1103; 1% (E96) 
Rr = 6650; 1% (E96) 
Re;Ro = 22M. 

Rio = 15k. 

Rit;Ri2 = 220k 
RisjRis; For; Ras = 10k 
Ria= 1002 
Ris = 3k3 

Ris = 1202 
Ris; Rae = 472 
.Βοο!Β2! = 1k2 

Rae; Res Rt = 100k 
Ras;Ras = 4k7. 

R25 = 16. 
Rar; Rae = 22k 
R29;R30 = 150k 
Raz = 47k 

Ras;Ra5s = 1M0 

R37 = IKO 








P: = 10k linear potentiometer. 
P2;P3 = 10k preset H 
P«;Ps = 10k logarithmic potentiometer. 


Capacitors: 

C1 = 10n ceramic 
C2 =8p2 

Ca = 100p. 
C4:C24;C25 = 100 
G5;024 = 10n 
‘Co;C27 = 100n 

C7 =820n 

Cs =82n 

Cas = 140; MKT 
Co;C19 = 2204; 10 V 
Cro 4 220n 
CitCis = 10n; 10 V 
C12;C17 = 190; 10 V 
C13 = 100p; 6V3 
Cis = 47p; 10 V 
C16 = 68u; 10 V 
Cre = 820p 

C20;C26 = 22u; 10 V 
Ca! = 470 
C22;C32 = 470p; 10 V 
C23 = 1001; 16 V 
Ces = n2 
Cao = 10p; 16 V; radial 








Cai = 104; 10 V; radial 
Cas = 27p 





Semiconductors: 
Di — Ds = AAZ18 
De — D11 = 1N4148 
TisT2;Te = BC550C 
Ts = BC560C 

Ts = BF256A. 
1CxiC2 = TLC271 
1C3 = LM386 

1C4 = 7808 or 7809. 


Miscellaneous: 
S1 = PCB-mount dual-pole 6-way rotary 
switch. 

S2 = miniature SPDT switch. 

Mi = 50 HA moving-coil meter, e.g., Mona- 
cor Type PM-2, order code 29.0660, 

LS1 = 8 Q; 0.5 W loudspeaker. 

;Ke;K3;K« = insulated BNC-sockets, 
Monacor order code 34.1880. 
Enclosure: ‘elet LC-850 (C-l Electro- 
nics). 

PCB Type 890183 












Front-panel foil Type 890183-F 








iaf Type LM386 AF amplifier chip is used 
in a standard application circuit with a 
Boucherot network, Cai-Ras, at its output. 
The input signal for the amplifier is 
duced by Rar to a level where full drive 
coincides with fs.d. on the meter. This 
level results in an output voltage of about 
6 Vpp (2.2 Vrms), or 0.56 W into a load re- 
sistance of 8 Q. The output signal is made 
available on the front panel of the instru- 
ment to enable an external loudspeaker or 
a pair of headphones to be connected. 





Sine-wave oscillator 


A high-quality sine-wave oscillator is pro- 
vided to locate faulty AF circuits by means 
of the audible distortion they introduce. 
The oscillator consists of a Type TLC271 
opamp with a Wien-bridge feedback cir- 
cuit, Cu-Ra and C2s-R3o, to achieve ampli- 
tude stabilization. Feedback circuit 
Ru-Ri2-Ts determines the closed-loop am- 
plification of the oscillator. The drain- 
source junction of the FET forms a resistor 
whose value is a function of the output 
voltage rectified by Ότι and fed back to the 
gate. Resistor Ras determines the mini- 
mum amplification when the FET is 
turned off completely, and at the same 
time linearizes the control characteristic. 
The test oscillator has a distortion 
lower than 0.05% at a second harmonic 
level of -75 dB. The output frequency is 
about 1 kHz, and the output signal level is 
adjustable between 0 V and 1.5 Vrms. 


Power supply 


The on-board 8 V regulator allows an in- 
expensive mains adapter to be used with 
an output voltage of about 12 V. The 8 V 
regulator, ICs, may be replaced by a 9 V 


Type 7809. It is also possible to power the 
instrument from a single 9 V battery, ora 
battery pack consisting of six 1.5 V mono- 
cells. When a battery is used, ICs is 
omitted, and a wire is fitted to connect the 
holes provided for its input and output 
terminals. 

Current consumption of the signal 
tracer depends mainly on the drive ap- 
d to the monitor amplifier. At relative- 
ly low volumes, the instrument draws 
15 mA to 18 mA from a 9 V battery. 








Construction 


The printed-circuit board (Fig. 2) and the 
front-panel foil (Fig. 3) are both available 
ready-made, and make the signal tracer a 
simple-to-build project by reducing the 
wiring toa minimum. All sockets and con- 
trols are mounted direct on to the printed- 
circuit board, which is fitted vertically 





behind the front panel. The distance be- 
tween the front panel and the printed-cir- 
cuit board is determined by the length of 
the spindle of the rotary switch. 

The rear panel of the enclosure holds 
the supply socket, the loudspeaker and 
the battery holder, if used. 


























ni] 








Fig. 3. 


Lay-out of the front-panel foil, which is available ready-made (shown αἱ 6034). 
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THE DIGITAL MODEL TRAIN 


PART 9: KEYBOARDS 


by T. Wigmore 


The keyboards used in the Elektor Electronics Digital Train System 
can each control eight turnouts (points) or signals or a mixture of 
these. They also enable other switching functions to be carried out 
(there are 16 impulse contacts or eight make/break contacts, 





depen 


g on the decoder). In principle, any number of keyboards 


may be connected to the main board. 


In essence, the system allows signals to be 
controlled in two different ways, in addi- 
tion to the traditional one of using discrete 
switches. The most obvious one is with the 
àid of keyboards. Each of the turnouts 
(points) and signals then has its own 
switch that may be incorporated in a 
switchboard whose layout resembles that 
of the track. 

Each keyboard (which can not be used 
with the Márklin system) contains 16 
switches that enable eight turnouts or sig- 
nals (each with two solenoids) or 16 sid- 
ings or loops (or seven turnouts and two 
sidings or loops, and so on) to be con- 
trolled. This is, of course , true only if the 
associated turnout and signal decoders or 
universal switching decoders are provided 
on the track. Any number of keyboards 
may simply be interconnected. 

The RS232 interface (which will be the 
subject of next month's article) is the other 
way of controlling signals and turnouts, 
particularly when the track is an extensive 
one. It can, of course, only be used in con- 
junction with a computer. 

The LEDs on the keyboards indicate the 
actual position of the signals and turn- 
outs, irrespective of whether these are 
Switched via the keyboard or via the RS232 
interface. The keyboards may be deactuat- 
ed by a suitable program via the interface 
to enable fully automatic operation. 


Circuit description 


It will be seen that the circuit diagram in 
Fig. 57 consists of two identical parts 
above and below connectors Κι and Κα: in 
fact, it shows the circuit for two keyboards. 
This is also the case with the printed-cir- 
cuit board: Fig. 59 thus holds two key- 
board circuits. Operation will be descri- 
bed on the basis of the top half of Fig. 57. 

Connectors Κι and K; form the parallel 
keyboard bus; all their terminals bar one 
are interconnected. The exception is pin 10, 
which is the line that indicates whether a 
key is depressed. 

Circuit IC, is a digital multiplexer. The 
eight switches on all connected keyboards 
are scanned simultaneously via lines A, 
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B,C and E(nable) from the mother board 
(see Fig. 50 — Part 8). When a key is depres- 
sed, the associated input of IC, is logic 
high. When that input is selected, the Y 
output (pin 6) will go low, which is passed 
on to the mother board via gates N, and 
N3. The yellow LED on that board then 
lights. All other keys are deactuated at that 
instant, because the associated switching 
instruction is be processed first 

When the Y output (pin 5) becomes 
active, the keyboard address buffer, IC, is 
enabled. The keyboard address (81 possi- 
ble combinations, set with the aid of 
jumpers) is then placed on to the keyboard 
address bus. This address enables the sys- 
tem to deduce to which corresponding 
decoder the switching instruction must be 
sent. 

The associated turnout sub-address that 
determines which of the eight decoder out- 
puts has to become active is derived from 
the combined signals A, B and C with 
which the relevant depressed key was 
found. When a key is pressed, a switching 
instruction is placed on to the rails four 
times; when it is released, a reset instruc- 
tion is sent four times to the same decoder 
address. 

Circuits IC; (addressable bistables) and 
IC, (address comparator) provide a visual 
indication of the actual position of the sig- 
nal or turnout. 

When the system carries out a switch- 
ing instruction (at most a few milliseconds 
after the key has been pressed), the switch- 
es are temporarily disabled and the micro- 
processor places the address just read on to 
the keyboard address bus. At the same 
time, an enable signal is given to the 
address comparator. 

Only that keyboard of which a key was 
depressed will recognize its own address 
on the keyboard address bus via the Q- 
inputs of IC, . The address is present also 
at the P-inputs of IC,. Output P =Q of IC, 
will go low and set or reset one of the four 
used bistables in IC;, which causes the rel- 
evant LED connected at the output to just 
light or to just go out. 

The address comparator, IC,, is neces- 
sary to enable the LEDs to be driven when 








no key is pressed. This makes it possible 
for the new position of the turnout to be 
shown on the keyboard when the switch- 
ing instruction for that turnout is given via 
the RS232 interface. 

Each LED is associated with two 
switches and indicates the (normally bi- 
stable) position of the turnout. 

The LEDs are energized via Ds by the 
rectified but unregulated voltage to pre- 
vent an overload of the power rail for the 
logic circuits, which can occur when a 
large number of keyboards is used. 

Gates N} and N; serve as priority selec- 
tors. Normally, both Do (data out -~ pin 10 
of Κι) and Di (data in - pin 10 of Κ2) are 
high. When a key is pressed, Do at the rele- 
vant keyboard will become low to prevent, 
via Nj, other keyboards from placing 
addresses on to the keyboard address bus 
(see Fig. 58). 

The ‘key active’ signal is passed to all 
keyboards between the mother board and 
the keyboard at which the switching takes 
place via gates Ng and N3. If, however, a 
key with the same number is pressed on a 
preceding keyboard, this will deactuate the 
original keyboard, but that does not mat- 
ter: the address has already been read. The 
original switching instruction is thus pro- 
cessed before the circuit reacts to the sec- 
ond key impression. 





Construction 


Since the double-sided PCB (see Fig. 59) is 
not through-plated, greater accuracy than 
usual is required in populating the board. 
A number of through-connexions are 
made by pins of the ICs. These circuits are 
therefore not fitted in sockets so that their 
pins can be soldered at both sides of the 
board. 

Relevant holes may be through-plated 
conveniently by fitting M3 screws in the 
fixing holes and then to place the board on 
the screwheads on a flat surface. The board. 
will then ‘float’ about 1.5-2 mm above the 
surface. Fit short lengths of bare wire 
through the appropriate holes, cut them at 
equal height above the board surface and 
solder them to the holes. Reverse the board. 
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Fig. 57. The diagram shown here consists of two keyboard circuits: one above and one below connectors K; and Kz.. 


elektor india january 1990 1.25 


and solder the lengths of wire at the other 
side of the board. Make sure that the 
through-contacts under the switches are 
short, otherwise the switches will be seat- 
ed askew. 

Once this preliminary work has been 
done, the components may be mounted. 
AIl of them, except the switches, the LEDs 
and the jumpers, are soldered at both sides 
of the board. Note that since R;-Rs, R;-Rio, 
T,-Tg and the LEDs are to be fitted under- 
neath the switch hoods, they must be 
mounted before the switches. 

Fit the transistors close to the board so 
that there is no likelihood of their being 
touched when a switch is pressed. 

Resistor arrays Κι and Rẹ may be 
replaced by vertically mounted discrete 
resistors (see Fig. 51 - Part 8). The common 
earth connexion of these resistors is at the 
underside of the board marked by a dot. 


Reducing the cost 


1f you have no intention of ever controlling 
the keyboards from the mother board via 
an RS232 interface, the cost of the present 
circuit may be reduced by replacing IC, 
and IC, by wire links A and A' respective- 
ly. Through-contacts-must then be made 
where otherwise the pins of these ICs 
would be. 

Connectors Κι and Ky enable a number 


of keyboards to be connected in parallel: 
Κι is then linked by a suitable cable to K, 
on the next keyboard. Connector Κι on he 
last (extreme right) keyboard is connected 
to the mother board 

If the keyboards are intended to be 
located in a fixed position, for instance, on 
a control panel, the (fairly expensive) con- 
nectors may be replaced by wire links 
(standard half-inch staples are excellent for 
this purpose!) 


Locating addresses 

Since each keyboard can control two deco- 
ders, two addresses have to be located on 
it. These addresses may be placed with the 
aid of jumpers (wire links). Jumpers 1-8 
pertain to the upper keyboard and links 
1'-8' to the lower keyboard. Setting the 
addresses is greatly facilitated with the aid 
of Table 7. 

It is, of course, essential that the ad- 
dresses on the keyboard and the associated 
decoder are identical. 

If Marklin decoders are used, the num- 
ber of each jumper in the table is identical 
with that of the closed contact of the DIL 
address location switch. 

The numbers of the points (turnouts) in 
the table are important if turnout switch- 
ing instructions are given via an RS232 
interface. Since only 256 turnouts (num- 
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bers 0-255) can be controlled via this inter- 
face, a number of decoders (shaded in the 
table) can be controlled only via the Κογ- 
boards. 


Testing 

Connect the keyboard to the mother board 
after making sure that the power supply is 
not switched on. Verify that jumper A on 
the mother board is fitted to ensure that 
the LEDs on the keyboard will be pow- 
ered. 

Switch on the power supply with S, on 
the mother board permanently depressed 
(this will initiate the service routine as des- 
cribed in Part 8). If IC, and IC, are used, 
D,-D, and D;-D, respectively should light 
alternately in the same rhythm as the yel- 
low LED on the mother board. 

Verify that at pin 11 of IC, and IC; a 
1 Hz signal exists; at pin 10 a 0.5 Hz signal 
and at pin 9 a 025 Hz signal. 

When the service routine is disabled, all 
LEDs on the keyboards must go out. 

In the stop condition (green LED on the. 
mother board does not light), the keyboard 
is deactuated. Only when the co instruc- 
tion is given via S, on the mother board or 
the RS232 interface will the keyboard be 
actuated. As long as one of the keys is then 
depressed, the yellow LED on the mother 
board should light to indicate that the rele- 
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Fig. 58. Timing diagram when a key (here 55) is pressed. Control takes place from the mother board. 
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vant decoder output is active. The remain- 
der of the keys can not be operated. When 
the key is released, the relevant decoder 
output becomes inactive. 


Special cases 


In standard form, the keyboard is intended 
for the control of eight bistable devices 
containing two solenoids, such as normal 
turnouts (points) and signals, and also the 
universal signals and switching decoder 
described in Part 4 (May 1989), which has 
four bistable outputs. 

Each standard turnout or signal is con- 
trolled by two switches and monitored by 
one (red) LED to indicate its position. 

In model railways there are also devices 
that have an odd number of solenoids, 
such as sidings or passing loops with only 
one solenoid, or signals with three posi- 
tions: stop-go-slow. 

The number of switches required on the 
keyboard is the same as the number of 
solenoids to be controlled. Therefore, a 
three-position signal is controlled by Sj, Sp 
and $4; S, is then not used and, for safety's 
sake, better not fitted. If two sidings or 
passing loops are controlled by, say, Ss and 





Parts list 


Resistors: 

Ai;Ro = SIL array 8x47k 
R-Rs;Rz-Rto = 4702 
Rit = 47k 


Capacitors: 
Ci-C4 = 100n. 


Semiconductors: 

D1-D«;De-Do = LED (in keyboard switch) 
Ds;Dto = 1N4148 

Ti-Ta = BC547 

ICtiCe = 74HC151 

ΙΟΡΛΟ7 = 74ΗΟ244. 

109408” 4099 

IC«lCs» 74HC688 ` 

ICs;IC10 = 74HC00 





Miscellaneou 
Ki = 20-way SIL PCB header, angled. 

Ka = 20-way SIL PCB socket, angled. 
$1,$9,S5;S7;S9,S11;Sis;S16 = ITW data- 
Switch (series 61) with wide keycap, Type 
61-10204000 *. 

S2;Sa;S6:S8;S10;S12;S14;:S16 = ITW data- 
switch with wide keycap and integral LED, 
Type 61-10404010 +, 

Qty. 8: 3-way pin headers (0.1-inch raster) 
and max. 8 jumpers for keyboard programm- 





ing. 
PCB Typo 87291-7 | 





56, the associated LED (D;) is better not fit- 
ted (to obviate the thought that there is a 
connection between the two). 


Parallel control 


If the same address is located on two dif- 
ferent keyboards, the boards are electrical- 
ly coupled. If on one of them a switch is 
operated, the LEDs on the other will react 
(provided that IC, and IC, are used). 

If the track has a small marshalling 
yard far away from the main control cen- 
tre, it may be useful to give that yard a 
local control unit in parallel with the cen- 
tral control panel. For this, a keyboard 


with the same address as set at the central 
control may be used. It should be placed 
close to the yard and be connected to K; of 
the extreme left-hand keyboard via an 18- 
way (preferably flat) cable (18-way is suffi- 
cient since only single earth and ++ sup- 
ply lines are needed). 


Track layout on control panel 


Even in model railway systems, ergono- 
mics take on a more and more prominent 
role. For instance, if the track is extensive, 
the operating switches are nowadays often 
located on the central control panel in 
positions that correspond with the actual 
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Fig. 59. The printed-circuit board has provision for building two keyboards. 
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Fig. 60. Artist's impression of the control unit with a track layout provided on its front panel. 


track layout. This may also be done in the 
present system. The PCBs for the key- 
boards are then housed somewhere under 
the control panel. If many keyboards are 
used, it is advisable to fit them as sand- 
wiches as shown in Fig. 60. In that case, 
use straight instead of angled connectors 
and fit these alternately on the component 
and track sides of the boards. Threaded 
rods and appropriate spacers give the 
whole sufficient mechanical rigidity. 





Switches and LEDs are connected to the 
PCBs with discrete wires. If switches with 
spring-loaded make contacts are used (as 
opposed to the change-over contacts on 
the original switches), pull-down resistors 
as shown in Fig. 60 are needed. Better are 
spring-loaded 3-position miniature toggle 
switches. These have two make contacts 
and can assume the function of two data 
switches for the control of one turnout or 
one signal. 




















Fig. 61. The jumper patterns on the keyboard and decoder board must be identical. 
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keyboard | πο. of jumpers 

decoder |. points Tequired 
o 3 Em 
1 7 23-17 
2 n" E 5-7- 
3 12 Ser er p 
4 19, | = 20-0465 507. = 
5 23 die 
δ} 2]|1:--5-7 
7 31 BEK 
8 35 . Sisi 
9 3 |1-3--87 
10 43 23 67 
" 2 3 67 
12 51. | 1 434 8 τς 
13 55 2- 4.67 
14 59 Cua E 
15 63 | 1 μμ 
16 Πλ evan 67 
17 n PAUSE ba 
18 5 | 1-3 7 
19 79 23- LE 
20 83 3 7 
21 [ο 4 7 
22 91 2-4 7 
23 95 734 7 
24 99 | 1 7 
25 103 2 7 
26 107 +7 
27 Wt) 4.3.5. - 8 
28 115 23-5 8 
29 119 3-5 8 
30 123 | 1 45 8 
31 | 127 2-45 8 
32 131 45--8 
38 135] 1 5 8 
34 139 2 5. 8 
35 143 5 8 
36 47] 1-3--6-8 
37 151 23--6-8 
38 155 -3 6.8 
39 we} 1. - 4-6-8 
40 163 2.4.6-8 
41 167 24.6.8 
a2 m| 012226. 8 
48 175 2---6-8 
44 181 --- 6-8 
45 83] 1. 3 -8 
46 187 23 -8 
47 191 -3- -8 
48 195 | 1 4 -8 
49 wg] -2-4 -8 
50 203 4-8 
51 207 | 1 ο ο ο. 
52 an] - 2 8 
53 215 . -8 
54 a9) 1-3-5 

55 223 23.5 

56 27| .- 3-5 : 
57 241 |1 45 : 
58 235 2.45 

59 299 | - 45 

60 243] 1 5 

61 247 2 5 

82 251 5 

63 2611. 3 6. - 
64 ο ge 
65 263 | --3--8-- 
66 2711. 14-86. 
67 21} -2-4-6 

68 275 554-6. 
69 29| t- +. . 6 - 
70 88] -2---6- 
n 287 E 6 
72 281] 1-.48.----- 
78 5]: 28ο. 
74 299 ο ο 
75 0 0. ο. 
76 ipe ο 
7 3n τ. 
78 μα Y 
78 οι. 
80 33] 1-3-6 -7- 














Table 7. Up to 256 turnouts or signals (numbers 
0-255) may be controlled via an RS232 inter- 
face; the remainder (shaded portion) can be 
controlled only via the keyboards. 


TRANSISTOR CURVE TRACER 


T. Wigmore 


With so many transistors used in today's equipment, a good tester 
for these devices is a must in every electronics workshop. And yet, 
most of us use a multimeter to check transistors. Although such a 
test is usually adequate for a quick o.k./faulty test, it fails to provide 
information on the characteristics of the device under test. The curve 
tracer presented here works in conjunction with an oscilloscope, and 
is capable of performing a stepped current amplification test on pnp 
as well as on npn transistors. The instrument so allows unknown or 
unmarked types to be matched to known ones, which is a frequent 
requirement in fault-finding and repair work. 





The so-called output curve is 
among the most important tran- 
sistor characteristics. The curve 
shows how the collector current 
(on the Y-axis) depends on the 
collector-emitter voltage (on the 
X-axis), with base current for the 
relevant bias setting as a par- 
ameter. By stepping up the base 
current within the permissible 
range, characteristic curves of 
different edge steepness are ob- 
tained on an oscilloscope or plot- 
ter. These curv indicate 
whether the transistor is good or 
faulty, and also allow its current 
amplification to be estimated. 
Furthermore, a useful indication 
is provided of the linearity and 
the resistance characteristic in 
the saturation range. Finally, 
since the tester can handle both 
npnand pnp transistors, the cur- 
ves allow matching, com- 
plementary devices to be 
selected from available batches. 









Digital and analogue 


Two quite different test signals 
are required to write the output 
characteristic of a transistor: the 
base current must be switched in 
steps, while the collector voltage 
must have a continuous range of 
0 V to the maximum value. Not 





the transistor under test. 

The triangular signal is fair- 
ly simple to convert into a rec- 
tangular one, which is used to 
clock the digital part of the cir- 
cuit. As the collector-emitter 
voltage starts to rise (from 0 V 
with npn transistors, and from 
-8 V with pnp types), a counter, 
and with it the base current, is 
incremented by one step. The 
counter drives a discrete digi- 
tal-to-analogue (D-A) converter 
that translates the 3-bit counter 
value into base current steps of 
25 uA. Switch S2 allows the D-A 
converter to be driven by two 
instead of three bits to select be- 
tween four or eight displayed 
characteristic curves. 

Although in theory not quite 
correct for the relevant test on 
the transistor, an emitter re: 
tor is used to translate current 
into voltage. This arrangement 
was preferred over a collector 
resistor because most oscillos- 
cope inputs have one grounded 
terminal 

Finally, a current limiter has 
been added on the integrator 
output stage to eliminate the 
risk of the test circuit being 
overloaded by a faulty transis- 
tor. 








surprisingly, therefore, the base 
current is controlled digitally, and the col- 
lector voltage by an analogue circuit. The 
latter also has a controlling function on 
the base current generator to prevent this 
stepping up or down while a curve is 
being written. 

The collector voltage is supplied by a 
triangular generator consisting of a 
Schmitt-trigger and an integrator (see 
Fig. 1). The Schmitt-trigger is composed 
of a 1.45-times amplifier and a compara- 
tor. The amplifier supplies the reference 
level for the comparator. To ensure the 


required thresholds and hysteresis, the 
reference level, in turn, depends on the 
output level of the Schmitt-trigger. Diodes 
between the amplifier and the comparator 
allow the two switching thresholds of the 
Schmitt-trigger to be set to 0 V and 8 V, or 
0 V and -8 V, as required for npn or pnp 
transistors respectively. The combination 
of the Schmitt-trigger and the integrator 
results in a triangular-wave generator 
whose output voltage varies between 0 V 
and 8 V, or 0 V and -8 V. This signal is 
used as the collector-emitter voltage for 


Detailed operation 


The power supply — see the circuit diag- 
ram of Fig. 2 — inclusive of the mains 
transformer is accommodated on the 
printed-circuit board. The secondary 
transformer voltage is rectified to give a 
symmetrical direct voltage. Under 'no- 
load conditions, there is about 14 V on C2 
and C». Since single-phase rectification is 
used, the supply voltage has a relatively 
high ripple, and falls a few volts when a 
good transistor with high current amplifi- 
cation is being tested. Under this condi- 
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Table 1. Digital current control. 


tion, the transformer's secondary voltage 
will also drop to its nominal (loaded sec- 
ondary) value. The unregulated supply 
voltage is used to power the analogue part 
of the circuit. This voltage is too high to 
power counter IC1. Also, the supply volt- 
age of the counter must be regulated be- 
cause it determines the base current for 
the transistor under test. Zener diodes are, 
therefore, used to stabilize the IC supply 
voltage at 35.6 V. The symmetrical supply 
enables the counter outputs to switch be- 
tween positive and negative voltages 
relative to ground, corresponding to a 
logic 1 and a logic 0 respectively. These 















































Fig. 1. Block diagram of the transistor curve tracer. 
traces 
+/~ 400Hz 
Fig. 2. Circuit diagram of the curve tracer, which is a combination of analogue and digital electronics. 
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Fig. 3. Component mounting plan of the single-sided printed-circuit board for the transis- 


tor curve tracer. 


levels enable the D-A converter to be kept 
simple but still capable of generating the 
required positive and negative base cur- 
rents. 

The D-A converter consists of resistors 
R-Re and diodes D7-D12. The latter parts 
separate the positive and negative half 
periods of the currents that may be carried 
by the resistors. The value and direction 
(Sign) of the currents depend on the 
counter value, and the positions of Si and 
S2, which are in accordance with the tran- 
sistor type. Table 1 summarizes all condi- 
tions that apply when a transistor is 
connected for testing. 

The analogue part of the circuit closely 
follows the block diagram. What is not so 
apparent, however, is how the operation 
of the analogue circuit remains largely un- 
affected by the unregulated supply volt- 
age. For opamp Αι, this is relatively easy 
to understand because the output voltage 
of this amplifier simply follows the input 


voltage with practically no effect of the 
supply voltage. This is not so with com- 
parator Az, since here the input voltage 
determines how the output voltage shifts 
as far as possible towards one of the sup- 
ply voltages, which are subject to consid- 
erable variation. Clearly, if a fluctuating 
input voltage were applied to the integra- 
tor around As, the circuit would be inca- 
pable of generating a well-defined 
triangular output voltage. Note that this, 
in principle, need not be a problem: the 
only requirement is that the output volt- 
age swings between two extremes. 

The comparator, however, serves to 
clock the counter, which has a lower sup- 
ply voltage. Clamping diodes are con- 
nected to the clock input of the counter as 
a protection against too high voltages. 
Together with current limiter Κο, the 
diodes ensure a stable rectangular voltage 
of about 6 Vp at the input of the counter 
and, therefore, at the input of the integra- 








Parts list 


Resistors: 

Ri = 120 

Re — Rs;R11 = 100k 
R7;Ra = 1K5 
Ro = 220k 
Rio = 560k 
Riz; Rite = 470k 
Ria = 680k 
Ris = 1000. 
Ris = 4k7 
Ri7 = 102 


Capacitors: 

C1 = 10p; 16 V; radial 
C2;Cs = 1000p; 25 V; radial 
C4 = 100n 

Cs = 1n0 

Ce - 220n 


Semiconductors: 

Ds;D2 = 1N4001 

4» zener diode 5V6; 400 mW 
Ds — D12 = 1N4148 

D13;D14 = BAT85 

Ti = BD139 

T2 = BD140 

1Ο: = 4024 

105 = TL084 





Miscellaneous: 
Sı = miniature double-pole toggle (DPDT) 
switch. 
S2 = miniature on/off (SPST) switch. 

| Τη = PCB mount transformer 9 V @ 
7.8VA. 
K1;Ke = BNC socket (e.g. PCB-mount type 
UG-1094/UP from Monacor). 
Ka = 2-way screw terminal block, pitch 
10 mm. 
Heat-sinks for T: and T2. 
Enclosure 150x80x50 mm, e.g. Bopla type. 
E440VL. 
PCB Type 890177- 











tor. The result of the clamping and regu- 
lation circuitisa triangular output voltage 
whose rate of rise is practically inde- 
pendent of the supply voltage. 

The stabilized rectangular voltage also 
enables Ai to supply a reference level for 
comparator Az that is hardly affected by 
the supply voltage. Hence, the inflection 
points of the triangular voltage occur at 
accurately defined and stable voltage le- 
vels. 

In order to be able to test medium- and 
high-power transistors also, the integra- 
tor opamp is followed by two transistors 
thatare protected against short-circuits by 
the circuit around Dis, Dis and As. The 
two Schottky diodes type BAT85 have a 
threshold voltage of about 0.4 V. They 
conduct when the voltage on Ri 
(1:400 mA) exceeds the threshold, and 
cause As to shift the voltage at the + input 
of integrator As to a level where the inte- 
gration operation stops. The + input is 
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Fig. 4. Screendump provided by a Hewlett-Packard digital oscilloscope to illustrate the operation of the transistor curve tracer. 


normally at 0 V. When actuated, the pro- 
tection circuit causes the oscilloscope to 
show only a fixed bright spot instead of 
four or eight traces. 


Building the tracer 


The complete circuit is accommodated on 
the printed-circuit board shown in Fig. 3. 
Populating the board is straightforward 
and should not cause any difficulty. 

The enclosure stated in the parts list 
requires the four squares at the corners of 
the PCB to be cut off. Great attention 
should be paid to safety as the mains volt- 
age is applied direct to the board via a 
2-way screw terminal block. 

Although the board is designed to ac- 
commodate PCB-mount BNC sockets, 
standard types may also be used with 
short lengths of screened wire. Connect 
switch Si to terminals a, b, c, a’, b' and c', 
which are at different locations on the 
board. Be sure not to mix up points a and 
a’. 

Use short, flexible wires terminated in 
small crocodile clips to connect the tran- 
sistor to the tester. Do not make these 
flying leads longer than about 10 cm on 
penalty of creating stray capacitance that 
may affect the test results. 

Finally, insert a small rubber cabinet 
foot between the facing metal tabs of Τι 
and T: to eliminate any risk of a short-cir- 
cuit. 





Using the curve tracer 


Before discussing the practical use of the 
transistor curve tracer, it is worth while to 
havea look at Fig. 4. This shows the print- 
out on paper (screendump) obtained with 
a Hewlett-Packard digital oscilloscope 
and associated plotter. The signals on the 
upper two traces, Ic and Uce, are com- 
bined with the aid of the X-Y mode of the 
oscilloscope. The resulting graphs form 
the output characteristics of the transistor 
under test. It should be noted that each 
graph is written two times: first with Uce 
rising, and then with Uc falling. This re- 
sults in the ‘chopped’ upper Ic curve. The 
output characteristics were obtained with 
a transistor Type BC141-10. 

Connect the curve tracer to the oscillos- 
cope via two short coax cables. Initially, 
set the scope to X-Y mode, 10 mV/div. on 
the Y channel, and 1 V /div. on the X chan- 
nel Since the collector current is 
measured via a 1 Q resistor, the Y-axis 
indicates the voltage in volts and the cur- 
rent in ampères, obviating calculations. 
For pnp transistors, the characteristic 
must be inverted. This is achieved with 
the INVERT control provided on most oscil- 
loscopes. 

The photographs of Fig. 5 show a few 
transistor characteristics obtained with 
the curve tracer. Figure 5a shows the char- 
acteristic of a BC547A. By comparison, a 
BC547B (Fig. 5b) has a higher current am- 


plification, buta quite different rateof rise 
of the top three curves. The curves in 
Fig. 5c belong to a BC550, and are even 
straighter than those in Fig. 5b, indicating 
better linearity than the previous two 
transistors. In addition, the BC550 has 
very little noise, which makes it eminent 
for application as and audio preamplifier. 

Care should be taken when testing a 
high current gain transistor such as the 
BC550C (Fig. 5d). The current amplifica- 
tion is so high that there exists a real 
danger of the maximum permissible col- 
lector current or dissipation being ex- 
ceeded (note that three of the eight curves 
run off the oscilloscope screen). If necess- 
ary, use S2 to reduce the number of curves 
from eight to four. This setting also re- 
duces the maximum base current from 
175 pA to a safer 75 pA. 

The curve tracer is also fine for select- 
ing a replacement type for an unknown 
transistor that has been found to be faulty. 
Fortunately, much consumer equipment 
has a number of identical transistors. 
Remove one with the same type number 
as the faulty transistor, and connect it to 
the curve tracer. The resulting charac- 
teristic on the scope will, in many cases, 
enable you to find a near equivalent tran- 
sistor of known type and make from an 
available lot. 





























Fig. 5. Examples of curves obtained with some commonly used transistors. From the left to the righ! 
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C547A, BC547B, BC550, BC550C. 





Application Notes 


Dynamic range processor SSM2120/2122 
Get off the bus with TAXI chip devices 
Voice recorder from Texas Instruments 


Audio & Hi-Fi 


4-channel mixer 
A simple VOX . 
Balance indicator -. 
Bucket brigade delay 
Class-D amplifier . 
Decoding ICs for CD play: 
Low-noise microphone preamp! 
MOSFET Hi-Fi power amplifer 
Recording control 
Sound level attenua 
Trackin 



























Tweeter protector 
Pitch control for CD 
LFA-150 Fast power amplifier 
Calsod, a loudspeaker design package 
Horn loading revisited 

Voice band filter z 
Active loudspeaker crossover filter 
Sound effects generator 


Automotive electronics 
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Car alarm. 9.72 
Car headlight c 9.62 
Car lights monitor 851 
Car service module 333 
Energy control for bati 271 
Improved low-fuel indicator 379 
Improving automotive wiring systems 2.47 
Psychological car lock > 9:74 
Rear window wiper coupler 9.89 
Rear wash wipe control 9.96 





A closer look at the transputer 
A new generation of analogue 
ASIC microcontrollers 
BiCMOS integrated circu 
CMOS switches for audio ap 
Fast unity gain opamp . 
LinCMOS circuits 
More applications fc 
Practical filter design i 
Practical filter design (2 
Practical filter design (3 
Practical filter design (4 
Practical filter design (5) 
Practical filter design (6 
Practical filter design (7 
Practical filter design (8) . 
Practical filter design (9) - 
Practical filter design (10) 
Semiconductor diodes . 
Background to E-PROMs 
Logic families compared 
Decoupling power rails. . 
R-2R resistance network in SMT 


Computers & Microprocessors 
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A closer look at the transputer .. 6.40 
A low-cost development system for M6805 micro- 

processors . 2.39 
ο to digital conversion techniques 10.50 
Autonomous 1/0 controller (2) 2.34 
Centronics monitor .... 10.46 








CUMULATIVE INDEX 1989 


Centronics-compatible printer buffer 
Child-proof reset switch 
Code converter for Centronics-compatible 
rinters 
'omputer mouse 
Computer — an overview 
Floppy-disk monitor 
In-line RS232 monitor 
VO friendly keyboard 
Monitoring temperature with the C64 
MSX EPROM : 
Open systems 
PC as tone generator 
Personal computer decisions 
Printer reset 
Reset for the PC1640 
Reset protection 
Speeding up the computer 
Bus interface for high resolution liquid 
crystal screens (part 2) ... 
Autonomous in 
Composite to 
monitors 
Computer eye 
Pulse skipper. 
Daylight Resistant optocoupler 
RS232 interface for C64 m 
One or two MBIT Eprom programmers 
Small lO Card_.... 
Automatic printer starting 


Design Ideas 





















ut/output controller part 1 
L adaptor for monochrom 
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Counter without counter .. 443 
New circuit protection devices for 

loudspeaker systems . 5.36 
Protecting asynchronous motors 12.36 





Electrophonics 


Guitar compressor. ... 
Universal MIDI keyboard interface (1 
Universal MIDI keyboard interface (2 
Variable low-pass filter 
Vocal eliminator 
MIDI split control 
MIDI Signal redistribution 
MIDI interface for Amigo 
Break-jack adaptor 
Moduler guitar amplifier 


General Interest 


Automatic switch 
DC-AC power converter 
DC-DC power converter 
EPROM-controlled time s 
Four-quadrant dimmer. . 
Head/tail lights for model 
Heating timer... 
High-volume alarm: 
Infra-red microphone 
Intruder alarm 
Mains-failure in 
Mains-powered timer 
ini-drill control 
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overvoltage protection .. 
Power booster for the 740 
Programmable switch 
Sensor switch and clock 
Simple temperature indicator 
Single-chip melody generator 
Stereo viewer 
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The digital model train (1) 




































The digital model train (2 ; 
The digital model train (3 : 
The digital model train (4) : 
The digital model train (5 8.49 
The digital model train (6) 10.38 
The digital model train (7) 1123 
The digital model train (8 1229 





Timer with audible warning 
Thyristor speed control 
Twilight switch 

X-Y plotter interf. 
Looking back: updates ς 
improvements for recently published projects 








Dealing with electrom: 
Darkroom sensitive light 
Glow plug modulator 
Sound level meter 


ic interference 
it switch. 
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32 
73 
75 
62 
54 
57 
53 
19 
63 
.54 
Flashing light control 30 
Improved economical porch light 92 
Ringing pruner .92 
EE gt 94 
LED Voltmeter in SMT .95 
Differential amplifer : .97 
Automatic charger add-on unit 9.100 
Smoke detector . 9.101 
Liquid-level monitor 9.105 
‘On’ indicator for gas operated fridges ; 9.106 
Automatic fog horn ; 9307 
Slide fader update | 9.112 
Time-delayed flash ; 8114 
Light (S) out? . ; 8118 
Donald duck generator | 9119 
Resonance meter : 1042 
Telephone bell 3 11.41 
16 Channel running light 11.47 
Automatic outdoor light 1232 





Power supplies 
9-volt supply 
78xx monkor’ 
A high-grade power unit 
‘Battery low indicator 
Energy control for battery charges 
High-power zener diode 
Low dissipation regulator 
Simple variable power supply 
Switch-mode voltage regulator 
Small step-up convertor 
Power supply with EEPOT 
Symmetrical power supply 
Reference-voltage source with indicator 
Maximum/minimum voltage indicator 


Radio & Television 


2-metre transmitter... 
Amateur communication receivers: stil 
challenge? 
Call-tone generator 
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Communication receiver front-end fite 10.22 
Computer-controlled Teletext system 11.30 
Fast envelope sampler . 9.60 
High-precision DLE based frequency τ 5.48 
Hybrid VHF/UHF wideband amplifiers 4.30 
Radio beacon converter 953 
RGB-to CVBS converter 1142 
Travelling-wave tubes 12:60 
UHF channel trap 1135 
Universal squelch 958 
Video recording amp 5.38 
Guiding those waves 46 
Colour test pattern gen: 54 
Recording playback amplifer 55 
VFO stabiliser for up to 100 MH .102 
Headphone amplifer with scart plu 107 


Science & Technology 


Advanced implant system for VLSI fabrication 
Big strides in molecular electronics research 
Forecasting flickers in the field 











Intelligence, intentionality and self-awareness 
Recognizing speech in noise 
Software without tears .. 

The versatile cable that tells a tale 
The efficient alternative to large power stations 


Special Features 


PELLETRON An island of physics. 
Video and Television which is better? 
Computer-aided test equipment | ... 
Industrial Electronics & High Tech USA 89 
Electronics on the rails and wheels  . 
Tandon: The head drive behind computer world 
Computer causes a seachange in 
Custom house $ 
telecom a must in election manifesto 
The bugging story of information 
Microfriends macro growth 
Plucking the fruits of robot 
The invisible invader ELCOM stems it 
Al Transplant... 
The changing role of public telecom operators 
Medical electronics from L&T 
Finding faults no problem 
The weather man speaks 
Project Aristotle . 
Computers an anti-view 
Seepz video units in trouble 
Mega computer offer ... 
International telecom connections, 
Garnet for copy 5 
asy care floppies 
AREA AGM . 
Super sun-storm management 
Robots for satellite repairs 
Video phones & HI 
Banking Computers 


Telecommunications 
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Dual-tone multi-frequency (DTMF) decoder 6.45 
Duplex audio link... 9.70 
Power line modern 4.26 
Facsimile interface 6.57 


Test & Measurement 


3¥2-digit SMD voltmeter 
ΣΉΝ frequency meter 
48 MHz CMOS oscillator 
ABS/RMS/LOG convertor 
Analogue multimeter ... 
Analogue-to digital conversion techniques 
HCMOS square wave generator 

In-circuit transitor tester 
L-C sine-wave oscillator 
Meter-scale magnifier 
Noise generator 

RF inductance meter. 
Shunt for multimeter 
Simple transmission- 
Sound level meter 
Test & measuring equip 
Supplies (1) 
Test pattern gen 
Tracking tester 
TTL supply moi 
Voltage-controlled os 
HF probe for oscilloscope 
Crystaltester . 

Voltage tracer in SMT 
Digital trigger for oscilloscopes 


Correctioi 


Autonomous I/O controller (1) 
Colour test-pattern generator 
LFA-150:a fast power amplifier (2) 
Pitch control for CD players 
The digital model train (1) 
Preamplifier for purists 
Macrovision decoder/blanker 
Car service module 
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INTEGRATED-CIRCUIT TESTER 





This IC tester, designed by ELV GmbH, comes as an insertion card 
for IBM PC-XT/AT and compatibles. The card and the associated ZIF 
socket allow logic function tests to be carried out on a wide range of 
CMOS and TTL integrated circuits housed in DIL packages with up to 
20 pins. The article also describes the menu-driven control program 
for the IC tester, which makes use of a user-definable library to test 


Itis often necessary to check the operation 
of standard ICs, whether these are new or 
used. Testing small-scale integration (SSI) 
circuits with relatively few gates can be 
done without too much trouble. However, 
as the ICs become more complex, check- 
ing them with the aid of simple tools such 
as switches and LEDs becomes much 
more difficult. In such cases, the IC in 
question must be removed from the cir- 
cuit for a separate test, which can be very 
time-consuming as its pinning and oper- 
ation have to be studied in detail to arrive 
at a suitabe test procedure. 

This IC tester has been developed to 
enable rapid and simple functional tests to 
be carried out on these standard compo- 
nents. 

Nearly all components in the standard 
TTL and CMOS range, up to 20-pin DIL 
package size, can be tested. Integrated cir- 
cuits to be tested are simply inserted into 
the 20-pin ZIF (zero-insertion force) test 
socket. The notchless short side of the IC 
is always aligned with pins 10 and 11 of 
the test socket. Any remaining pins of the 
socket are not used. 

The test system is also suitable for the 
related. LS, HC and HCT families. Only 
voltage-controlled oscillators (VCOs) and 
PLL devices such as the CD4046, the 
74624, and others can not be tested. 

These parts would have increased the 
complexity of the tester considerably as 
they require several supply voltages and 


over 500 standard components. 


analogue input signals. 

A special multiplexer circuit is used in 
the tester to check monostable multivibra- 
tors. This connects the required resistors 
and capacitors for the time constants to 
the appropriate pins 

The IC tester thoroughly checks the 
logic behaviour of the components under 
test, and provides an almost instant 


good /faulty indication on the computer 
screen. The signal or voltage on any ZIF 
socket pin depends on the IC to be tested. 
The possibilities are 


supply voltage +5 V 
supply voltage ground 
logic output ‘H’ or ‘L’ 
open collector output 








test socket 
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Fig. 1. 


Block diagram of the integrated-circuit tester. 


elektor india january 1990 1.37 
































































































































































































































































































































































































1 
Pin designation 
Signal Signal 
name compo-| name 
track 
[ον O " A side gus 
| side 
"Tm 01 - = 
AQ 
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DE | DREQ2 | B06 A06 | 08. 
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m" σι " 

(goto -- NE AR reserved | BOB A08 | Dt 
ΤΗΝ ESSET 
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E ο | iowc | B13 A13 | A18 
74500 epee 5 OAG | B14 | A14 | a7 
Ls Lm Ὁ DACKS | B15 A15 | A6 
DREG3 | B16 Ais | A15 
A29 O- o DACK1 B17 A17 A14 
A28 O- o DREQ1 B18 A18 A13 
e πα KU pa uM DACKO | B19 A19 | A12 
x mm | cik | ez | A20 | Ai 
ex a m "az | B21 Α21 | A10 
as a XX. pin moe | B22 A22 | A9 
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125 Loge DACK2 | B26 A26 | A5 
ar F ] 
err ! He, το | B27 A | Αθ 
M TT zm iub ALE B28 A28 | A3 
[ου = —ot 
eub 45V B29 A20 | A2 
AM L——o& x 
5 Len osc | B30 Ax | ΑἹ 
GND | B31 Asi | A0 
Fig. 2. Circuit diagram of the PC address decoder section. Table 1. PC expansion slot pinning. 


* three-state output 
* data or control input 


On selection of a particular IC from the 
data library, the necesary pin configura- 
tion conditions are set up automatically 
by the IC tester. Since the software can not 
search for a particular IC if the user does 
not know its name, it is possible for the 
supply voltage to be applied to different 
pins in identical packages. This could re- 
sult in an intact IC being destroyed during 
the search process if the supply voltage is 
correct but applied to the wrong pins. 


The circuit 


The circuit consists of two parts. Figure 2 
shows the complete address decoder and 
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Fig. 3 the actual driver circuit for the ICs 
to be tested. 

The address decoder has two basic 
functions: buffering the eight data lines, 
and selecting the storage device and buff- 
er, which is described below. 

Bidirectional bus driver ICn, a Type 
7ALS245, takes care of the data buffering, 
while I/O read line IOR determines the 
direction of data flow. The driver is en- 
abled by address decoder ICis, a Type 
74LS688. 

The IC tester requires a continuous I/O 
address range of 16 bytes. The individual 
addresses are selected via A0 to A3, and 
the main address by A4 to A9, which are 
fed to the comparator ICis. The address 
range can be preset by wire links Bri to 
Bre. 


When the main address is sent by the 
CPU in the PC, a low level appears at 
output pin 19 of 8-bit comparator ICis. 
Depending on the state of address lines 
A2 and A3 of the PC bus, one of the four 
outputs of ICi4B, Οὔ to Q3, goes low. Out- 
puts QU and Of then select either one of 
two PIOs (parallel input/output) devices 
IC: or ICz. Output Q2 of ICiss, together 
with I/O write line IOW, enables ICusa, a 
7419199, via OR gate ICisc. Outputs Οὔ, 
QI and Q2 then clock data into the appro- 
priate latch, ICs, IC» or IC10. 

Address lines A0 and Al are buffered 
by OR gates ICisa and ICise. The reset 
signal, DRV, is inverted by ICi2a before it 
is fed to the MT inputs of PIOs IC: and IC. 
NAND gates IC128 and ICic combine I/O 
write and read lines IOR and IOW to pro- 
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Fig. 3. This section of the circuit performs the actual testing of logic integrated circuits. 
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vide I/O access signal IORQ. 
The IC tester consists of several, separ- 
ate, logic units. These are: 


* voltage supply for the IC under test 

* logic condition simulator 

+ Κ.Ο combination for monostable multi- 
vibrators. 

* load circuit for the drivers 


The positive supply voltage for the ICs is 
selected with the aid of decoder ICs, and 
applied the appropriate pins on the ZIF 
test socket via Ræ to Rio, and Ts to Tio. If 
one of the six supply voltage lines for the 
IC is switched on, one of the diodes Di to 
Ds causes the red LED adjacent to the test 
socket to light via buffer Tni. While this 
LED lights, the IC to be tested must not be 
removed or inserted to avoid it being 
damaged by voltage transients. The pos 
tive supply voltage (+5.1 V) is supplied 
voltage regulator ICs, an 78105. The rej 
lator is a safety measure against short ci 
cuits in the IC under test causing the 
internal 5 V supply voltage of the com- 
puter to break down with all the costly 
consequences for the PC. Voltage regula 
tor IC3 limits the maximum short-circuit 
current to a safe value of about 100 mA 
The negative supply voltage, ie, the 
ground potential for the IC under test, is 
connected to the appropriate pin of the 
test socket via one of four transistors T: to 
Ta 

The two Z80-PIOs, IC: and IC», form 
the heart of the circuit. These ICs from the 
well-known Z80 family have the great ad- 
vantage that their I/O lines are bit-pro- 
grammable to function as inputs or 
outputs. In this way it is possible to have, 
for example, pin 1 on the test function as 
an input, pin 2 as an output. etc. Obvious- 
ly, this is an indispensable requirement 
for an IC tester. Current limiting resistors 
Κι to Ro protect the PIOs in case of a 
short-circuit when testing ICs 

To test monostables, the required R-C 
combinations can be connected to the ap- 
propriate pins of the device under test 
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This is achieved with the aid of analogue 
multiplexers Type CD4051 in positions 
ICs, ICs and 167. The values of Cs and Ra 
define the time constants, and have been 
chosen to enable a great many monosta- 
bles to be checked. The R-C combination 
can be switched on with control line INH, 
which is connected to pin 6 of all three 
multiplexers. The binary code on the three 
channel selection inputs, pins 9, 10 and 11, 
allows one of seven connection modes for 
the R-C combination to be used. 

When testing open-collector (OC) and 
three-state outputs, it is necessary to load 
these with a high-value resistor. The out- 
puts of latches ICs, IC» and ICt are con- 
trolled by the logic level at pin 1 (OE; 
output enable). If OE is low, the 20 out- 
puts of ICs, ICs and ICi supply the pre- 
viously latched data word. The logic 
levels that form the dataword are fed to 
the corresponding pins of the test socket 
via load resistors Ris to Res. The ‘response’ 
of the IC under test to the applied test 
levels is then transferred to the control 
software via Ri to R20 and the inputs of the 
two PIO circuits. 





Control software 


The extensive control program supplied 





with the kit is menu-driven and has a 
number of data libraries. The program is 
supplied on a 54-inch 360 Kbyte floppy 
disk. The README.IC file, found on it 
gives a complete description of the pro- 
gram and explains how to install it into a 
hard disk. Hard copy of this file is con- 
veniently obtained by entering 


COPY README.IC LPT 1:<CR> 


The complete test software is menu- 
guided and therefore easy to operate. To 
start the program, enter 


ICTEST <CR> 


The instructions on the screen are self-ex- 
planatory. A help function is available at 
any time by pressing function key ΕΙ. The 
software is compatible with Monochrome 
(MDA), Hercules and EGA video cards, 
which are automatically recognized dur- 
ing initialization. 

The I/O base address for the IC tester 
is normally at 3001. If the card is to occupy 
another range, the program must be 
started with 


ICTEST <address> <CR> 
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Fig. 4. Flat-ribbon cable construction. 
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Fig. 5. 


Cutting and drilling details of the support bracket at the rear side of the PC card. 


where <address> is entered in hexadeci- 
mal. 

The software package is capable of se- 
lecting and testing over 500 IC types. In 
addition, ICs which are not included in 





VO Address Function 


O004-00FH — DMA-Controller 
(8237A-5) 

0201-0214 — Interrupt-Controller 
(8259-5) 

0404-043M — Timer/Counter (8253-5) 

0604-0634 System Register 
(8255A-5) 

080-0834 — DMA-Side Register 
(74LS670) 

OAOH-OBFH — NMI-Interrupt Register 

OCOH-OFFH Reserved 

1008-1FFH Front Panel Controller 

200H-20FH For Computer Games 
(Game Port) 

2104-2174 Additional Unit 

220H-24FH Reserved 

2784-27FM ^ Second Printer 

2F8H-2FFH Second Serial Interface 

300H-31FH Prototype Card 

320H-82FH Hard Disk-Controller 

3784-37FH Printer interface (parallel) 

380H-38FH — SDLC-Interface 

SAOH-AFH Reserved 

3B0H-SBFH ^ Monochrome Adaptor 
and prínter 

3COH-SCFH Reserved 

8D0H-3DFH Colour Graphics Card 

3EOH-SE7H ^ Reserved 

3FOH-SF7H Floppy Controller 

GFGH-8FFH Serial interface 





Table 2. PC WO address assignment. 








address 1/0 Component 

+0 ` PIO 1 Port A Data 

+4 PIO 1 Port B Data 

+2 PIO 1 Port A Control 
+3 PIO 1 Port B Control 
+4 PIO 2 Port A Data 

+5 PIO 2 Port B Data 

+6 PIO 2 Port A Control 
+7 PIO 2 Port B Control 
+8 Latch 0 Load Pin 1 — 8. 
+9 Latch 1 Load Pin 9 -12 
+A Latch 2 Load Pin 13 - 20 
+B 

+c 

+D 

+E 

+F 
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Table 3. Address map of the IC tester. 


Fig. 6. Component mounting plans of the main board and the test socket board. 
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the standard library may be added at a 
later stage. How the user can accomplish 
this is explained at length in the file 
README.IC. 

The software will also function with- 
out the associated IC test card being in- 
Serted. This means that the program may 
serve asa reference to look up IC pin-outs, 
because a connection picture appears on 
the screen for every IC that can be tested. 


Construction 


The IC tester consists of two printed cir- 
cuit boards, which are connected via a 
25-way flat ribbon cable. The main control 
circuit is accommodated on a double- 
sided, through-plated PCB (size: 
235x110 mm). A 25-way sub-D socket on 
the back panel bracket provides the con- 
nection to the auxiliary PCB (size: 
46x24 mm), which accommodates the 20- 
way ZIF socket. 

Both PCBs are populated in the normal 
way. Refer to the parts list and the board 
layout when fitting the passive and then 
the active components on to the PCB. As 
all components are accommodated on the 
two PCBs, assembly is relatively simple. 
Care should be taken to mount the com- 
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ponents at the lowest possible height to 
avoid contact with the PCB in the adjacent 
PC slot. Sockets are, therefore, not used 
for the ICs. 

There are only three components on 
the smaller board: pin header Sti, 20-way 
Textool socket Ski and LED D7. The board 
is so small as to obviate an enclosure. 

Clamp the 25-pin sub-D plug and the 
26-pin IDC socket on to the ends of the 
flat-ribbon cable (Fig. 4). The coloured 
wire at one side of the flat-ribbon cable is 
at the side of pin 1, both of the sub-D 
connector and the IDC connector. The lat- 
ter has one non-used pin, and is plugged 
on to the header with the coloured wire at 
the side of the socket lever. 

One of the empty PCB support brac- 
kets on the rear panel of the computer is 
removed and cut as shown in Fig. 5 to 
enable the 25-way socket on the PCB to be 
fitted. 


Address selection 


Solder the 1/O address wires in place be- 
fore taking the board into operation. 
Table 2 gives a detailed description of the 
available I/O address range. 

In order to explain the setting of the 
1/O address decoder, which consists of 
Bri to Bre, address 3001 is considered the 
base address for the IC tester. As the sys- 
tem requires a continuous I/O address 
range of 16 bytes, the I/O base address 
need be decoded only once. Since the base 
address is a multiple of 16, its last address 
digit is always 0. The first digit of the I/O 
address can not be higher than 3, as the 16 
bit 1/O address range of the IBM-PC is 
decoded with 10 bits only, corresponding 
to a maximum of 400x. This 3 is set in 
binary form by means of wire links Brs 
and Bre. The second digit can take a value 
between O and F, and is set as a binary 
code using Bri to Bri. 

For 1/0 base address 3001, wire links 
Bri to Brs must be installed (3), while Brs 
and Bre remain open (00). Table 3 shows 
the distribution of the 16 I/O addresses 
over the components on the IC tester card. 

After carefully checking the construc- 
tion a second time, the IC tester is ready 


to be taken into operation. 


Practical use 


After inserting the card into the appropri- 
ate slot in the PC, connect the small PCB 
with the flat-ribbon cable, and close the 
case of the PC. Switch on the computer 
and wait for its normal initialization to 
complete. Load and start the control pro- 
gram for the IC tester by selecting the 
appropriate floppy disk drive and typing 


ICTEST «CR» 


Every IC to be tested must be inserted 
such that its notch is to the side of the lever 
on the test socket. If the IC has less than 
20 pins, it is inserted as shown in Fig. 7. 
The software consists of various mo- 
dules. The actual program is an inter- 
preter, which reads the pin configurations 
and test conditions of individual ICs from. 
a number of data files. The user is, there- 
fore, in a position to add new ICs as they 
become available. The library editing 
functions can be accomplished with al- 
most any word processor as explained in 
the README.IC file. To shorten the load- 
ing time of the disk, the complete program 
should be transferred to and started from 
the hard disk. The program, menus and 
documentation files are in English. 




















Fig. 7. 


ICs to be tested must always be plugged into the ZIF socket as shown here. 





8098 EVALUATION BOARD 


CONSTRUCTION & TESTING 


In Fig! 8b, IC, is the 8098 micro-controller; 
crystal X, and capacitors C; and C4 are 
connected to the on-chip oscillator to con- 
trol the frequency of operation. The un- 
used I/O lines of the 8098 are connected to 
CN; with resistor array RM, providing a 
valid logic low to unconnected inputs. The 
data bus is 8 bits wide and is time-multi- 
plexed with the lower eight address bits. 
The octal three-state latch, IC, uses the 
signal ADV to store the lower eight bits of 
the address at the start of every memory 
cycle. Circuit IC; is an octal, three-state, bi- 
directional buffer that is used to buffer the 
data bus. The buffer is enabled for writes 
at all times except during read cycles: the 
RD line is used to control the direction. 


Circuit IC, is a dual 2-to-4 line decoder 
that provides three memory chip-select 
signals and four 1/0 chip-select signals. 
The apv signal is used as a strobe to ensure 
that the chip-select signals are asserted 
only during valid memory or 1/O cycles. 


The 1/0 enable signal on pin 1 of ICs is 
connected to the READY input of the 8098 to 
force wait states into all I/O cycles. The 
1/0 cycles are limited to two wait states by 
the value programmed into the ccs. The 
three unused 1/0 select lines, CS5, C56 and 
CS7 are connected to connector CN}. 


Circuit IC, is the monitor EPROM that is 
enabled for all addresses below 4000 hex. 


Circuit IC, is a static RAM that is 
enabled from 8000 hex to BFFF hex. 


Circuit IC, is either a static RAM or an 
EPROM that is enabled from C000 hex to 
FFFF hex. 





by J.M. Wald 


Both IC; and IC, are accessed as two 
16 K banks and use two ΡΙΟ output bits to 
perform the bank selection function. 








8098 Evaluation Board — Component List 


Resistors (0.25W, 5%) 


R1,14 
R2,3 

Ra 

RS, 6,7 
R8, 11 
R9, 12 
Rio 

R13 
RM1, 2,3 


Capacitors 


C1, 8, 9, 23 
C2, 5,6,7, 11, 
12, 16, 17, 18, 
19, 20, 24, 28 
c3, 4 

C13, 14, 15 
C10, 21, 22, 27 
c25 

c26 


Connectors 


ΟΝΙ 
CN2 
CN3 
CN4,5 
CN6 
CN7 


2k2 

Ski 

10k 

470R 

33k 

100k 

10M 

47k 

47k SIL 
resistor array 


1001: 16V radial electrolytic 
100n 16V ceramic disc. 


33p 16V ceramic disc. 
390p 16V ceramic disc 
470p 16V ceramic disc. 
224 16V radial electrolytic. 
4n7 16V ceramic disc 


BS9525 male IDC 40-way strt skt 
Β59525 male IDC 16-way strt skt 
BS9525 male IDC 20-way strt skt 
7-pin PCB DIN socket 

5-pin PCB DIN socket 

4-way power connector 


Circuit IC; is a rio device that provides 


16 1/0 lines and a number of system con- 
trol functions. Resistor arrays RM; and 


Semiconductors 


[η] Intel P8098 

102. 2764-2 or 27128-2 

IC3 62256-15 or 27128-2 or 27256-2 
Ic4 62256-15 

lc5  PB2C55A2 

ice  74HCT373 

ΙΟ;  T74HCT245 

Ic8 74HCTI39 or 74LS139 

Ico ΜΟΙΑΒΒ 


Icio ΜΟΊ489 
ΟΙ 74HCO4 
Di 1N4148 
D2,3 ΟΑ91 


ZDI 5V1 Zener 
202 6V2 1.3W Zener 


Miscellaneous 


SWi SPST push to make PCB switch 


xi 7.3728MHz crystal 
BZi Piezo buzzer 
Fi Fuse clip x 2 


PCB, IC sockets, through-pins, 
+5V, 49V, -9V power supply, 
1A quick-blow fuse 


890138. 
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Fig. 8a. Power connexions. 
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Fig. 8b. The main circuit diagram. 
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RM, and resistor R5, provide valid logic 
levels for unconnected Pto lines. 
On port 2 of the Pio: 

Bits 6 and 7 control the bank selection 
for IC; and IC,. 

Bit 5 provides an RTS line for the RS232 
interface on CNy, 

Bit 4 is connected either to the buzzer 
or directly to CN3. The optional resistor 
Ry, limits the current drawn by the buzzer. 

Bits 0, 1 and 2 are used as CTS inputs 
from the three RS232 interfaces on CN, 
CN; and ΟΝ, 

Bit 3 is an unused input connected to 
CN. 


Circuit IC}; is a hex Schmitt inverter 
that generates the reset signal and also 
converts the RS232 levels on pin 5 of CNg 
to the levels required by ICs. Resistor Rip 
and zener ZD} clamp the input to a maxi- 
mum of 5.1 V. Negative input voltages are 
clamped to -0.7 V. Resistor R, limits the 
input current to a reasonable value. 

The reset signal is generated on power 
up, when the switch is pressed, or when 
the 8098 RESET pin is forced low by the 
occurrence of an internal reset event. Resis- 
tor Ry and capacitor Cs provide the 
power-up reset delay. Resistor Ryo and 
capacitor C, form a monostable to length- 
en the short reset pulse produced by the 
8098. 


Circuits ICy and ICyg are RS232 level 
shifters. Capacitors C13, C14 and C5 serve 
to slow down the rise and fall times of the 
RS232 drivers. Capacitors Οχι, C22 and C5; 
provide noise protection on the RS232 
receivers. Resistors R;, Rs, Re and R; pro- 
vide current limiting if a software fault 
causes 8098 or PIO pins to switch from 
input to output mode. 


Description of the monitor 


The monitor program (see Fig. 7 in last 
month's article for the hex dump) allows 
code to be developed on a host computer 
and then downloaded to the evaluation 
board and executed. The monitor uses two 
of the RS232 ports on the board. 

Connector CN, is connected to the host 
computer aand is used to send commands 
and data to the board. 

Connector CN; is connected to a print- 
er and can be used to obtain hex dumps. 

Connector CN, is free for use by the 
application program. 

The pin-outs of the RS232 and edge 
connectors are given in Fig. 9. 

Whereas the interface on CN, uses the 
8098 on-chip serial port, the serial ports 
used for CN, and CN; are implemented 
entirely in software. 

The memory map for the evaluation 
board is shown in Fig. 10. The monitor 
uses the area from hex 8000 to 85FF in 
bank 0 of IC, as working storage. By 
default, the user stack is located at hex 
8800 in bank 0. However, this may be 
changed with the ‘S’ command (see below) 
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Fig. 10. Memory map of 8098 evaluation board. 
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Component Overlay (Component Side) 








Figure 11 — Intel Hex Record Format 
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Byte Count Address Block Type 
eg. 10 ^ eg.8800 00- Data Record 
01 - End of file 
Notos: 


= Ali bytes are represented by 2 ASCII hex characters, most significant nibble first 
— Tho address is represented by 4 ASCII hex characters, most significant byte first 
The Checksum is the two's complement of the sum of all the bytes in the record 


from the Byte Count to the last data byte 


— The Byte Count is the number of data bytes in the record 


$$ 
| 


Data Bytes 


1 


Checksum 








to alter the contents of location hex 18 and 
19 (SP). Zero-page locations from hex 30 to 
5F are also used by the monitor. Monitor 
sub-routines use the region from hex 1C to 
2F as working registers. 

When the board is reset, the monitor 
initializes the system and waits for five 
seconds for a Carriage Return character 
(hex 0D) to be sent on CN,. If a character is 
received, the baud rate is set to the baud 
rate of the received character; otherwise, 
the baud rate defaults to 1200. Baud rates 
of 110, 150, 300, 600 or 1200 may be used. 
The printer port (CNs) defaults to 4800 
baud, but this may be changed with the B 
command. 


Monitor commands 


Numbers are in hexadecimal and may be 
entered with the use of hexadecimal digits 
1 to 4, with alphabetic digits entered in 
upper case. If more than four digits are 
entered, only the last four are used. The 
last digit entered may be cancelled by 
sending a Backspace character (hex 08) 
The monitor responds to a backspace by 
echoing “NV, 

Numbers must be separated by com- 
mas or spaces. A partially entered com- 
mand may be be abandoned by entering 
an illegal character, such as a plus sign (+). 
Commands may also be abandoned by 
entering CTRL>C (hex 03). The commands 
are described below, where «CR» repre- 
sents a Carriage Return character and an 
item enclosed in angle brackets <...> repre- 
sents a number. 


B «baud rate» «CR» 

The printer port (CNs) baud rate is set to 
«baud rate», which is one of 300, 600, 
1200, 2400 or 4800. 


C «bank» <CR> 
This command is used to change the bank 
accessed from IC3, the optional RAM or 
EPROM. «bank» must be 0 or 1 
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D «addressi», <address2> «CR» 
The contents of locations from <address1> 
to <address2> are displayed as a hex 
dump with 8 bytes per line. 


E 
The monitor echoes all received characters 
until a «CTRL»C character is received. 


G <address1>, <address2> «CR» 

This command starts execution of the user 
program from <address1>. If <address1> 
is omitted, the last break point address is 
used. If <address2> is supplied, a break 
point is set at <address2>. Providing that 
the nsi and Software Timer interrupts are 
enabled, entering «tscAPE»(hex 1B) returns 
control to the monitor command line and 
the values of PC, sP and Psw are displayed. 
The values of these registers are also dis- 
played when a break point or TRAP instruc- 
tion is reached. 


L 

The monitor loads memory from a file 
downloaded from the host computer in 
Intel Hex format (see Fig. 11). The monitor 
will automatically return to the command 
line if an End-of-File record is received; 
otherwise, the user must send a <CTRL>C 
character to terminate the command. After 
the file has been received, the current exe- 
cution address of the program is displayed 





R 
This command may be used to generate a 
system reset. The monitor will prompt for 
confirmation by displaying "Reset? (YAN). 
Type ‘Y’ to perform a system reset, other- 
wise type ‘N’. Any other characters entered 
are ignored. The command performs exact- 
ly the same function as when the reset 
switch is pressed and may be used to 
return the system to a known state. 


S «address» <cr> 
The monitor displays the contents of the 
location at «address». The next location 


may be displayed by entering "/". The 
previous location is displayed by entering 
^". The current location can also be 
changed by entering “=” or “@” followed 
by the new address and then «ci». The 
contents of the current location can be 
changed by entering the new data fol- 
lowed by «ct». The newly entered data is 
verified and, if the location fails to verify, 
the monitor will display “2”. 





T «address1», «address2» «cn» 

This is the same as the D command except 
that the hex dump is sent to the printer 
port (CNs) and has 16 bytes per line. 


ν 
This is the same as the L command except 
that the downloaded file is verified against 
the contents of the memory instead of 
replacing the contents of the memory. The 
command will display the address of any 
locations that do not verify. 


Construction 


The evaluation board is constructed on a 
double-sided printed-circuit board (see 
Fig. 12). 

The first step is to insert all the through. 
pins and ensure that they are soldered on 
both sides of the board. It is important to 
double-check this carefully, since it will be 
virtually impossible to rectify any errors 
once the other components are in place. 

The next step is to solder in the two 
insulated wire links, LK, and LK, fol- 
lowed by the diodes and all the resistors, 
except Ry Check that the diodes are 
inserted the correct way round. Solder the 
capacitors, fuse clips and crystal in place; 
make sure that the electrolytic capacitors 
are inserted the right way round. 

Note that some components must be 
soldered to pads on both the top and 
underside of the board. 

Finally, solder the IC sockets, connec- 
tors and reset switch in place. 

The board allows for a number of 
options. d 

Firstly, IC, may be be a Type 62256 stat- 
ic RAM or Type 2764, 27128 or 27256 EPROM, 
Depending on the type of chip used, 
jumpers J; and J must be set as shown in 
Fig. 13. 

Secondly, a piezo-electric buzzer may 
be fitted. Fit resistor Ry4 and solder the 
buzzer leads to the points indicated in 
Fig. 14. If a buzzer is not wanted, fit link 
LK; instead. 


Checking & testing 


Check the board for short-circuits, espe- 
cially between the power supply lines. 
Check also for continuity between IC sock- 
et pins, using the circuit diagram in Fig. 8a 
to identify the pins that are connected to 
each other. Ensure that there are no mis- 
placed components or components insert- 
ed the wrong way round. 

Insert the fuse and connect the power 
suply to connector CN7 (see Fig. 9). The 
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Fig. 12. Printed circuit (component overlay) for the 8098 evaluation board. 


power supply must provide +5 V +5% at 
500 mA; «9 V +10% at 100 mA; and -9 V 
31050 at 100 mA. Turn the supply on and 
check that the correct voltages appear on 
the power supply pins of the IC sockets. 

If all is well, turn the supply off, wait 
for the power supply capacitors to dis- 
charge, and then insert IC}. Turn the sup- 
ply on again and check that pressing the 
reset switch generates a negative pulse on 
pin 48 of IC, and a positive pulse on pin 35 
of ICs. Turn the supply off again, wait for 
the capacitors to discharge, and then insert 
IC, and ICs 5 19. 

Insert a Type 2764 or 27128 EPROM con- 
taining the code listed in Fig. 7 in the posi- 
tion marked for IC. If you use a Type 
2764, you should subtract hex 2000 from 
the addresses listed down the side of the 
hex dump. 

Finally, turn the supply on and check 
that the board sends the following mes- 
sage down the RS232 interface on CN, at 
1200 baud: 


8098 Monitor V1.8 by J.M. Wald 1989 
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Further reading 


The following Intel Data Books are a useful 
source of information on the 8098, and the 
8096 family in general. 


8-bit Embedded Controller Handbook, Intel 
270645, 1989. 


16-bit Embedded Controller Handbook, Intel 
270646, 1989. 


Embedded Controller Applications Handbook, 
Intel 270648, 1989. 


The section entitled “Using the 8096” in 
the 16-bit Embedded Controller Handbook 
contains a number of useful examples of 
8096 code, including examples of a Soft- 
ware Serial Port and a Multiple Channel 
Pulse Width Modulator. 


The address of Intel in the United King- 
dom is: Intel Corporation (UK) Ltd, 
Pipers Way, SWINDON SN3 1RJ, Tele- 
phone (0793) 696000. 
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EPROM & source coding 


Readers are advised that a programmed 
EPROM and the source coding for the 8098 
evaluation board are available from Mr 
J.M. Wald via the London Offices of Elek- 
tor Electronics (Publishing). Note that all 
payments for these should be addressed to 
Mr J.M. Wald. Films of the PCB to Mr 
Wald's design are available from our Lon- 
don offices. 











Fig. 13. [03 jumper settings 





men tes 





aen 
wie | 
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HARD DISK MONITOR 


M. Noteris 


Prices of hard disks have fallen considerably over the past few 
years, and many useful CAD and DTP programs can not be run 
unless a hard disk with a storage capacity of at least 20 MB is fitted 
in the PC. Unfortunately, many PC users fail to realize that the huge 
amount of data on a hard disk is always in danger of being 
destroyed, overwritten or otherwise damaged by hardware faults or 
programs that behave erratically. The monitor circuit described 
provides a visual indication of a number of important control signals 
for the hard disk, and so helps to find out how this is used (or 


PC users have good reason to start wor- 
rying when the hard disk falls silent after 
a series of rapid access operations by a 
program or installation procedure from 
the keyboard. In the worst case, the screen 
goes blank, and the machine no longer 
responds to keyboard commands. Die- 
hard PC users describe this condition as 
BRST (big red switch time), and can only 
keep smiling, hoping that the computer 
will boot up again. Since this involves 
loading the auto-execute and system con- 
figuration files from hard disk, a dead 
silent computer after a ‘cold boot’ is a real 
cause to start worrying, digging up the 
installation manual and, most importan- 
tly, looking for the back-up floppy disks. 

Hard disk malfunctions, boot-up prob- 
lems and loss of files, programs and whole 
directories need not always be caused by 
hardware faults. While it can not always 
help to prevent disaster, the monitor cir- 
cuit described here helps to keep an eye 
on the hard disk activities of certain pro- 
grams. As such it is a diagnosis instru- 
ment offered to experienced PC users for 
the prevention of software piracy and 
viruses, In addition, PC users specialized 
in hardware add-ons will find the monitor 
a useful aid for testing and installing hard 
disks. 


Principle of operation 


The hard disk monitor works on the same 
principle as the Floppy Disk Monitor pub- 
lished a few months ago (Ref. 1). The 
block diagram of Fig. 1 shows that the 
monitor circui 
counters, decoders and a display 
The number of LED displays is 
greater than with the Floppy Disk Moni- 
tor. The hard disk monitor is connected in 
parallel to the cable that carries the control 
signals between the controller card and 
the hard disk drive in the PC. The pinning 
and signal designations on the Shugart 
control bus (ST506) for hard disk drives is 
given in Fig. 2. 

The count range of the monitor is 1,024, 
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misused) by certain programs. 








HARD DISK MONITOR 
* Real-time indication of current cylinder. 
on 4-digit LED read-out 
* Supports up to 1,024 cylinders. 
* Head number indication with LEDs 
‘+ Adjustable response time of cylinder 
read-out 


* For all ST506 compatible hard disk 
drives 


* ‘Seek Complete: indication 
* ‘Disk Ready indication 

* ‘Fault’ indication 

* Compact unit to fitin 3/z-inch drive slot 
* Powered by computer 











or equal to the maximum number of cylin- 
ders (tracks) that can be selected by a 
standard PC-AT computer (note, how- 


ever, that certain controllers are capable of 
addressing up to 1224 cylinders). The 
counter block in Fig. 1 is, therefore, com- 
posed of four decimal counter circuits cas- 
caded via their CARRY OUT and CARRY IN 
lines. 

Since every modern hard disk drive 
has more than two heads, it is interesting 
to know the side and the number of the 
internal disk being written to or read 
from. The ST506 hard disk control bus has 
four lines for the selection of a maximum 
of 16 heads. To visualize the current head 
number, the four-bit binary head selection 
code is applied to a decoder with LEDs 
connected to its outputs. 

Most hard disk controller cards allow 
the use of two drives, which can be ad- 
dressed individually by a selection code 
on the command bus. The hard disk moni- 
tor has a jumper, Ja, to select the desired 
drive. 





Signals and timing 


The diagram of Fig. 3 shows the timing of 
the main signals on an actuated hard disk 
bus of a PC-AT computer. The timing of 
the signals shown forms the basis for the 
design of the hard disk monitor, and will 
be examined below 

A difficulty may arise when DIRECTION 
changes state on the positive edge of the 
STEP signal. Since the DIRECTION signal is 
connected to the U/D (up/down) input of 
the track counter, this must be clocked by 
the trailing edge of the STEP signal 

The TRACKO signal is used to syn- 
chronize the 4-digit track counter to the 
actual position of the heads. The first STEP 
pulses may occur at the same time as the 
actuated TRACKO signal. This means that 
TRACKO may not be used to control the RST 
(reset) inputs of the counters direct. A 
monostable is, therefore, used to shorten 
the TRACKO pulses to about 0.5 ms, so that 
the counters are clocked reliably by the 
STEP signal. 








Circuit description 


The circuit diagram in Fig. 4 shows that 
the ST506 bus signals are applied to the 
monitor circuit via connector Ki. Three- 
state inverting bus drivers [Ci and IC are 
controlled by the DRIVE SELECT signal 
brought to their G1-G2 (enable) inputs via 
jumper Js. The TRACKO signal is inverted 
and applied to monostable ICs, which in 
turn resets the counters. 

When the hard disk drive is not se- 
lected, the outputs of the bus drivers are 
switched to the high-impedance mode. 
Resistor Rio at the input of Schmitt trigger 
NAND gate ICisc then ensures that the 
clock inputs of the counters are held logic 
high. When the hard disk selected with Js 
is accessed by the computer, ICi and IC2 
invert the signals on connector Ki. The 
STEP signal is first logic high (= not actu- 
ated), so that the counter clock signal does 
not change state. After a short delay intro- 
duced by monostable ICs, the STEP signal 
isapplied to the counter clock inputs, with 
its original polarization (both ICz and ICs4 
are inverters). The cascaded counters are 
advanced by the trailing (positive) edge of 
the STEP pulses. 

Counters 

The output signal of gate ICisc is applied 
to theclock inputs of counters ICs through 
ICs, and to one input of gate ICisb, of 
which the function is discussed further 
on. 

The DIRECTION signal is taken direct to 
the U/D inputs of the four counters. These 
are Types 4510 with a built-in BCD en- 
coder. 

BCD-to-7 segment decoder 
The outputs of the counters are connected 
direct to the corresponding inputs of 





‘Ho SELECT 23 (AT) or REDUCED WRITE CURRENT (E) 
“may also be RESERVED, 














to disk controller 
and hard disk 


connector 








head number 
display 


decoders 


890186 - 11 








Fig. 1. 


BCD-to-7 segment decoders/display dri- 
vers ICs through 1612. The outputs of these 
chips Type 4543 need only a series resistor 
to sink the typical segment current of a 
LED display segment. High-intensity 
common-anode LED displays Type 
HD11310 from Siemens are used for a 
clear 4-digit track number indication. 
Decimal points 

The decimal points on the four 7-segment 
displays are used to indicate actuation of 
certain control signals for the hard disk 
drive. 

The WRITE FAULT signal is actuated 
briefly when a wrong byte is written to the 
hard disk. The signal is lengthened to 
about 1.5 s by a monostable composed of 
NAND gates ICisa and ICise. Their output 
signal controls the decimal point on dis- 
play LD3. 

The functions of the three remaining 
indicators, WRITE, SEEK and READY, require 
no further discussion. 

Head selection 
The selected head in the hard disk drive is 


Block diagram of the monitor for ST-506 compatible hard disk drives. 


indicated by LEDs Di through Dio. In most 
cases, the actual number of LEDs used 
will be four or five, depending on the 
number of heads in the hard disk drive (in 
case of doubt, consult the documenta- 
tion). In general, only hard disk drives 
with a storage capacity of 100 MByte or 
more have 10 or more heads. The head 
select code is taken from the HEAD SELECT 
2, through HEAD SELECT 2° lines of the 
ST506 bus, and is converted to an active- 
low one-of-16 signal by decoder ICs. 

In case lines HEAD SELECT 2 and HEAD 
SELECT 2" are not used, they may be made 
logic high at the inputs of IC: by fitting 
wire jumpers JP: and JP2. Also note that 
some manufacturers of disk controller 
cards use the ST506 bus lines connected to 
pins 2 and 4 of Ki for purposes other than 
head selection. 

The terminal marked L in the circuit 
diagram forms the central supply point 
for the LED displays. 

Mode selection 
The FAST/SLOW mode selection switch 
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Fig. 2. ST-506 bus signal assignment. 


Fig. 3. Timing of the ma 





signals in the hard disk monitor circuit. 
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Fig. 4. 


shown in the right-hand corner of the cir- 
cuit diagram controls the response speed 
of the displays. When the switch is closed, 
the number of the currently accessed track 
is indicated in real time. During normal 
use of the hard disk — that is, after the 
low-level and high-level formatting pro- 
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Circuit diagram of the hard disk monitor. 


cedures — the heads move so fast across 
the tracks that the display reading 
becomes unintelligible. The slow mode se- 
lected by opening Si enables the user to 
reduce the rate of change of the track read- 
out by setting potentiometer P1. Capaci- 
tor C may be increased if the maximum 


delay that can be set is still too short. 
The FAST read-out mode is enabled 
when Si is closed. The switch then takes 
the CLR input of monostable multivibra- 
tor MMV? to ground, so that the LD (latch 
disable) inputs of the display drivers are 
actuated. This results in the display dri- . 
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Fig. 5. Component mounting plan of the printed-circuit board. The display and control 


sections are separated by cutting the board along the dashed line at the component side. 
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Fig. 6. Home-made cable to connect the hard disk monitor on to the ST-506 bus. 





Ri = BrRo- Refuse 
Rs = 2200 1 
Ro = 10k 

Rio;Ri2 = 1M0 

R17 = 4k7 

Rio = 47k 

Ret ~ Rs2 = 3300 

Pt = 500k preset H 





Capacitors: 

Ci = 242; 10 V 
C2:C6 = 100n 
Ca = 10n 

Ca = 150p 

Cs = 4u7; 10 V. 
Cr = 100); 25 V 
Ce- C17 = 22n 


Semiconductors: 
Di Dis = red LED (3 mm) 
= LD4 = HD11310 (Siemens) 
IC1;1C2 = 74HCT240 
ICa = 74HCT221 
1C4 = 74HCT154 
—1Cs= 4510 
= Ga = 4543 
Cra = 74HCT132 





Miscellaneous: 











vers becoming transparent, i.e., they pass 
the binary input code immediately to the 
built-in 7-segment decoders with associ- 
ated LED drivers. 

In the SLOW read-out mode, ICsn forms 
an oscillator that supplies short pulses to 
the LD inputs of the display drivers. These 
pulses cause the applied 4-bit binary code 
to be latched and displayed until the next 
LD pulse arrives. 

To make sure that only valid track data 
is stored and displayed, NAND gate IC13D 
combines the output signal of MMV 16». 
with the STEP signal. This arrangement 
prevents the display latch control signal 
(the rising edge of the LD pulse) occurring 
at the instant the counters change state. 
Hard disk drive selection 
Jumper JP; is fitted in position 1 or 2 to 
select the required hard disk drive. Swap 
the jumper setting if you do not know 
which drive selection signal is used by the 
hard disk controller card in your com- 
puter. Also note that the first hard disk in 
the system is sometimes referred to as 0, 
the second one as 1, etc. 

Hardware reset 

IBM PCs and compatibles boot from 
track 0. The TRACKO signal is actuated and 
resets the counters in the hard disk moni- 
tor almost immediately after the com- 
puter is switched on. Although this reset 
pulse has a well-defined length, the hard 
disk monitor has a hardware reset circuit, 
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Fig. 7. 
and the hard disk drive. 


Showing the connection of the hard disk monitor between the disk controller card 
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Fig. 8. Suggested front-panel layout. 


Ri-Cz, which is useful for experimental 
purposes. Normally, however, this circuit 
is inoperative because its output pulse 
length is shorter than that of the TRACKO 
pulse after the computer is switched on. 
The hardware reset circuit may be dis- 
abled by fitting jumper JPs. 


Construction 


The availability of a ready-made printed 
circuit board should enable any one with 
some experience in working with electro- 
nics circuits to build a working hard disk 
monitor. 

The size of the printed circuit board 
(Fig. 5) is geared to that of a 3¥%4-inch 
floppy disk drive. Most modern PCs allow 
this type of disk drive to be installed in a 
number of locations. 

Start the construction by cutting the 
board along the dashed line to separate 
the display section from the control sec- 
tion. The boardsare later mounted at right 
angles. 

Fit all wire links on the control board, 
using solid insulated wire. Then fit the 
components on to the board, checking the 
value, type number and orientation 
against the parts list and the component 
mounting plan printed on the board. Soc- 
kets are not strictly required for the inte- 
grated circuits. 

Mount a 40-pin IC socket on the di: 
play board to accept the four LED dis- 
plays. Next, determine how many LEDs 
you need for the HEAD NUMBER indication, 
and fit these parts starting at the left side 
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of the displays. 

Use two 10x45 mm aluminium angle 
pieces and the holes in the display board 
and the control board to mount these at 
rightangles as shown in the photographs. 
The lower edge of the display board must 
be about 3 mm below the track side of the 
control board. Align the boards horizon- 
tally to enable pairs of facing copper track 
ends to be joined by soldering. After sol- 
dering, use a magnifying glass to check for 








short-circuits between adjacent tracks. 

Use flexible, light-duty wire to connect 
the terminals on the display board to the 
corresponding terminals on the control 
board. 


Power supply and 
connection 


The hard disk monitor is conveniently 
powered by the computer via a standard 
disk drive power connector (see the pin- 
ning diagram inset in Fig. 6). 

The drive signals for the hard disk 
monitor are obtained from the ST506 con- 
trol bus. Connectors are fitted on to the 
flat ribbon cable as shown in Fig. 6. The 
connection of this cable in the computer is 
further illustrated in Fig. 7. The hard disk 
monitor may also be used with hard- 
cards, but only if the connection between 
the hard disk and the controller card is 
accessible. 


Final points 


If a 20 MByte hard disk drive is used, the 
cost of the circuit may be reduced by omit- 
ting ICs, ICiz and LDs (with only 616 cy- 
linders, there is little point in using the 
fourth digit). The READY indication is 
taken over by a discrete LED, connected 
to pin 3 of IC: via a 220 Q current limiting 
resistor. 

The hard disk file location and editing 
functions provided by the well-known 
Norton Utilities are fine for testing the 
operation of the hard disk monitor, whose 
read-out should correspond to the track 
information shown on the monitor. 











INTRODUCTION TO 
DIGITAL SIGNAL PROCESSING 


by Brian P. McArdle 


Digital circuits are usually considered to be easier to understand 
than analogue ones because they consist of logic gates that can be 
explained with Boolean algebra. All such circuits may be reduced to 

a combination of AND, OR and INVERTER (NOT) operations. But from 
the point of signals, the purpose of digital circuits is to process 
digital signals and consequently the important topic called ital 
Signal Processing has become an essential course in the training of 
engineers and technicians. The purpose of this article is to explain 
the differences and similarities between the techniques used to 
analyse analogue and digital signals. It is only a basic introduction 
and readers who require a detailed study should consult the many 
textbooks on the subject. 





Analogue signal processing 

Before considering digital signals, a review of the techniques 
used to analyse analogue signals will avoid confusion later on. In 
the following three sub-sections it is assumed that the signals are 
continuous with respect to time (i.e., are in a time continuum). 


1. Consider a voltage signal v(r) where 1 refers to time. This can 
be expressed in terms of frequency by using the Fourier Trans- 
form as follows. 





vco)- f v(tje 


-jør 


dr. Hl 


The result is that the angular frequency, @, has become the 
variable instead of 1. Hence, the effect of the transform is to 
change a signal from the time domain to the frequency domain. 
The Inverse Fourier Transform is 


v=] v e" do. [2] 


In the special case where v(/) is periodic, the Fourier Series 
can be used as follows 


"(see 13] 
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Although the transforms and series can be difficult to apply to 
complex signals, they are important tools of signal analysis. 


2. Consider the circuit in Fig. 1. The input and output signals 
with respect to time are v(/) and v, (r) respectively. The most com- 
mon method of analysis is to use the Laplace Transform des- 
cribed by the equation 
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The transform changes the signal from the r-domain to the s- 
domain and the variable s is complex. From the point of analysis, 
the capacitor may be considered as a component of impedance 
1/sC as illustrated in Fig. 2. Note that if the capacitor were 
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Fig.1. Low-pass filter Fig. 2. Voltage divider 


replaced by an inductor L, the impedance would be sL instead of 
1/sC. The voltage and current expressions are transformed as per 
equation [5] and the circuit is now a simple voltage divider with 


VG [e] ee ND, 
5 R € MsC 1+ sRC 


In the particular case where the input is sinusoidal, the fre- 
quency response can be deduced by substituting jw = s in equa- 
tion [6]. This is but a simple example, but it nevertheless demon- 
strates the importance of the Laplace Transform. 


[6] 





3. The Autocorrelation Function of a signal v(/) is given by 
1p? 
R@)=LM +f v(t (t#t)dt Ul 
το» 1 an 


Its importance is best illustrated by considering an example, 
v(t) = Acos(ax) which, when substituted in equation [7], gives 
j 


R(t) = Ê costar). I8] 


The maximum value occurs at t = 0, T, 27, 3T, and so on. In 
other words, if v(t) is periodic, R(0) is also periodic with the same 
period. The main applications are the checking of signals for peri- 
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odicity and the detection of signals corrupyed by noise. If instead 
of v(t) equation [7] has two different signals v,(r) and vr), 
RIT is know as the Crosscorrelation Function. 


Digital signal processing 

Digital signals can either be in digital form from the beginning 
(i.e., from the source) or analogue signals that undergo an ana- 
logue-to-digital conversion. The next two sub-sections consider 
the analysis of digital signals from these two viewpoints and 
illustrate the changes required in the various formulas for ana- 
logue signals discussed above. 


1. Consider the arrangement in Fig. 3. This is a linear feedback 
shift register of four stages. Each stage is a JK bistable (flip-flop) 
with a truth table as shown in Fig. 4. The shift register is provid- 
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The peak values occur at k = 0 and 15 
as expected. An interesting point is that 
R(k) is two-valued. This is a property of 
maximum length linear feedback shift 
registers, because they generate approxi- 
mately equal numbers of 1s and 05, In the 
example there are eight 1s and seven Os. 

It should be noted that the analysis 
does not make any reference to voltages, 
currents or impedances, which would be 
expected in the analysis of analogue sig- 
nals or circuits. Once the circuit operates 
as a digital circuit, only the logic levels 
need to be considered. 


2. Consider the arrangement in Fig. 5. 
This has both analogue and digital signals 
at various stages. The output v(t) is not 
derived directly from input νῃ(). The 
input is sampled to produce a discrete 
time signal. The switch represents a sam- 
pling operation that in turn can be repre- 
sented mathematically by a delta func- 
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Fig. 3. Linear feedback shift register Fig. 4. JK bistable (flip-flop). 


with four stages. 
ed with a seed (e.g., 0101) and the feedback logic generates suc- 
cessive states from this initial state. If the output is taken from the 
4th bistable as shown in the diagram, the output is actually a 
binary sequence [ἀρ] with the incoming bit generated according 
to 





ἄγ = (an + 4543) mod 2 19) 


for n 2 4. In electronics terms, modulo 2 is an exclusive or logic 
operation. The sequence of states repeats after 15 steps, which 
means that the output sequence [aj] has period 15. To be pre- 
cise, this is a maximum length sequence (24-1 = 15), because the 
state (0, 0, 0, 0) is not used for linear feedback shift registers. The 
period is determined by the feedback logic, but this particular 
point need not be considered. At this stage, the Fourier Transform 
and Laplace Transform have no relevance, but the Autocorrela- 
tion Function is of special interest. The binary sequence (αμ) is 
periodic and its Autocorrelation Function should therefore peak 
at a shift of 15. 

Obviously, equation [7] is not suitable and the following 
amended version is used (in which k is used rather than 7 to indi- 
cate the extent of the shift). 
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For the output sequence (1, 0, 1, 0, 1, 1, 0,0, 1,0,0,0, 1, 1, 1}, 
the values are: 


k: — 012345678910 111213 14 15 16 17 18 19 20 21 22 
NRQ):8444444444 4444484444444 
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Fig. 5. Digital signal tion: 


μμ α(η)Ξ νι)δ αλ — 

This means that the samples are taken every T seconds with 
n=l as the first sample and so on. There is a specific condition 
that samples must be taken at a rate at least twice the maximum 
frequency of v (7) to avoid aliasing. However, before it can be 
processed as a digital signal, it must be turned into a binary num- 
ber by the analogue-to-digital conversion operation. In mathemat- 
ical terms, this can be written: 













x(m=[X XX, x2. (12) 


i=l 





Thus, N bits are required to represent each discrete signal 
with Χρ and Xy. as the LSB and MSB respectively. Two points 
are of importance: 


(a) if, at any time during the sampling operation, x(n) has a 
value in excess of (2V-!), additional bits are required; 


(b) if negative values have to be distinguished from positive val- 
ues, the negative values are represented by the 2's complement of 
the positive representations, This would mean that (N+1) bits are 
required for the full range of values. The extra bit could be con- 


sidered as a sign bit (e.g., "0" and "1" for positive and negative 
values respectively). 





In the example, the output from the A-to-D converter is input 
into a microprocessor kit, but any item of digital signal process- 
ing equipment would suffice. The output after the D-to-A con- 
verted y(n) corresponds to the processed x(n). The delay between 
inputting x(n) and obtaining y(n) is the processing time required 
for each discrete signal. In real time, the system could not operate 
faster than this processing time. 


What relevance do the transformations introduced under 
“Analogue signal processing’ now have? 

G) The Fourier Transform would have to be amended from the 
version in equation [1] as follows: 
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[3] 





in which n goes from 0 to (N—1). The factor 1/N.is for normaliza- 
tion. A further development of this expression is the basis for the 
Fast Fourier Transform (FFT) which is not considered in this arti- 
cle. 


(ii) Instead of the Laplace Transform, the Z Transform is used. 
Consider equation [12] again. The Z Transform is given by the 
equation 


X (z)= Σας’ [14] 


in which very often only values of n 2 0 are considered. For the 
remainder of this article it is assumed that this restriction applies. 
The transform has turned the sequence (into a series. Its main 
application is in digital filters discussed later in this article. The 
relationship between z and the Laplace variable s is z = 57. The 
transform is particularly important for the entire area of Digital 
Signal Processing. 


An important point about the z transform is the shift proper- 
ty. Suppose y(n) = x(n-1), where each term is delayed by one 
step. 
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There is no y = 0 since x (0) = y (1) is the first term. Substi- 
tuting for the y(n)'s gives 


Y (22x(0z re + ...+ x (n Dz" = 2 IK 








Therefore, z-! represents a delay of one step. (This is 
to analogue circuits where a delay of T seconds is given by es, 
but in practice a first order lag l/(lésT) is used as an 
approximation). In the same manner, y(n) = x(n-m) results in Y(z) 
-mX(z) corresponding to a shift of m ste 








Digital filters 


Digital filters deserve special mention. Firstly, the word ‘filter’ 
may be misleading. Analogue filters operate in the frequency 
domain. They filter out or remove certain frequencies (like the 
low-pass filter in Fig. 1) that are not required or wanted at the 
output. Digital filters are quite different. There are two main cate- 
gories as explained by the following examples. 


(1) The circuit in Fig. 6'is a recursive 
filter whose output y(n) depends not 
only on x(n), but also on the previous 
output y(-1). The operation may be des- 
cribed by the equation 

y(n) = ax(n) + by(n-1) 17) 

The use of the Z Transform and the 
shift property gives 


Y (z) 2 aX (z)+ bz Y (ε) [18] 
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In electronic terms, the binary repre- 
sentation of x(n) and y(n-1) would be 
processed by a microcomputer (section b 
under ‘Digital signal processing"). This 


Fig. 6. Recursive filter 








particular example uses the output of the immediate previous 
stage, but any previous stage or combination of stages could also 
be used. The only requirement is that the output at any stage must 
depend on previous outputs. If X(z) is known, Y (z) can be calcu- 
lated, followed by y(n) from the Inverse Z Transform. For 
example, suppose x(n) = 1 for n 2 0, which is the equivalent of a 
unit step at £ = 0 in analogue circuits: 








X(z)= [20] 

pu 

With A =ab/(b-1) [22] 
and B = a/(1-b). [23] 
y(n) = Ab" + B. [24] 


(2) The circuit in Fig. 7 is a non-recursive filter. The output 
depends on the input and the previous input according to 


y(n) = ax(n) + bx(n); Q5] 


= (a*bz-1)X(z). [26] 






For x(n) = 1 and n 2 0, equation [26] can be rewritten as 
b 


[26a] 





Since =! 


x0) 





[27] 


and 


forn21. 





128] 


This result agrees with an 
intuitive understanding of the cir- 
cuit; the output is stepped up at 
first by a and finally by (a+b). 

Both examples are intended 
to explain the various operations 
and do not represent specific pro- 
cesses. Note the difference be- 
tween equations [19] and [26]. 
The apparently simple change of 
feeding back the unprocessed sig- 
nal, i.e., x(n-1) instead of y(n-1) 
produces a totally different type 
of filter with a major difference 
in behaviour and response. 

Note that the terms finite 
impulse response (FIR) and infi- 
nite impulse response (IIR) may 
be used instead of non-recursive 
and recursive respectively. 





Fig. 7. Non-recursive filter 


Kalman filter 


The arrangement in Fig. 8 is known as a Kalman filter. It oper- 
ates as a recursive estimator. While ‘recursive’ requires no 
explanation, it is clear that "estimator" implies that values have 
been approximated and may not be accurate. The term y(n) at the 
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Fig. 8. Kalman Recursive Estimator — Fig. 9. Kalman Recursive Predictor 


output represents a value close to, but not equal to, y(n). In math- 
ematical terms: 





jin) = y(n) + e(n), [29] 


where e(n) represents the error that could be caused by additive 
noise, and so on. If x(n) is the input at stage n, representing an 
observed or measured value, the output is given by: 


(n) = alx(n) -- bc(n-1)]  byGi-1). [30] 


The first part of the right-hand side of equation [30] repre- 
sents a correction factor to the overall recursive operation. In 
other words, the process is designed to have s(n) approximated 
by bj(n-1) plus a correction. Parameters a, b and c are chosen to 
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minimize the mean square error. Usually, b and c are constants, 
whereas a varies with n and is written as a(n) in most textbooks. 


Figure 9 shows a recursive predictor, which, instead of 
deducing jim) from $(n-1) and x(n), attempts to predict jim) from 
3(—1) and x(n-1). This is a one-step predictor, i.e., it predicts 
just one step ahead of the input. Parameters a, b and c are chosen 
to minimize the MSE as in the previous case. Since the input 
would normally be random, the correction term would be small 
enough to allow the predicted jn) to be taken as by(n-1). The 
main application of this circuit is in tracking, and so on. Readers 
who require a detailed analysis of these networks should consult 
Ref.(2). 









Conclusions 


The entire area of Digital Signal Processing has blossomed dur- 
ing the past ten years. Future developments are too difficult to 
predict, but the fundamental ideas outlined in this article should 
be known by every engineer and technician. The trick is to have a 
clear hold on the ideas so that they are understood like basic tran- 
sistor circuits. If it appears that an engineer or technician 
involved solely in digital electronics does not need to know 
Ohm's law, that is an exaggeration. Fundamental ideas still apply 
in analogue and digital circuits alike. 
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indicator 


Loudspeaker peak 


Nowadays, any decent loudspeaker unit is, for- 
tunately, pretty resistant to rough treatment. 
However, problems can arise in the living room 
when the volume is turned up high enough for 
clipping to occur. At that point substantial dis- 
tortion and higher harmonics can be generated. 








This does not only spoil listening pleasure bu 
can actually damage the tweeters. A measure of 
protection can be acheived by the use of a clip or 
peak indicator, an extra not yet normally in- 
cluded in the majority of audio amplifiers. 





The peak indicator described here can be con- 
nected directly to the output of the amplifier or 
even fitted into the speaker since a separate 
power supply is not required. 

The circuit will respond even to very short peaks 
making it highly suitable for determining when 
the amplifier is about to peak (in other words, i 
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is not just an overload indicator). The peak 
power level at which the circuit is expected to 
respond (that is, the peak voltage) is adjustable 
between 15 and 125 Watts with an 8 ohm speaker 
(14...45 V). The circuit will light a LED when the 
amplifier just delivers its peak power enabling 
the listener to actually see when things begin to 
go wrong. If the LED only occasionally lights 
everything is fine. When the LED begins to light 
continuously then it is time to turn the volume 
down a little. 

The circuit diagram for the indicator is shown in 
figure 1. Its power supply is derived from capaci- 
tor ΟἹ which is charged via RI and DI from the 
speaker output of the amplifier. Half-wave recti- 
fication was considered suitable since normal" 
45 V transistors can be used. 

no signal input all transistors are switched 
off and therefore current drain from C2 is vir- 
tually nil. When the input signal level exceeds a 
certain value (dependent on the setting of PI). 
the voltage at the junction of R2 and R3 will 
reach a point at which ΤΙ will start to conduct 








This switches on T2 causing C1 to charge rap- 
idly. Resistor R7 has been included to prevent 
the maximum permitted collector current of T2 
from being exceeded. Both transistors T3 and T4 
will now conduct and LED DS will light. The 
current through the LED will be maintained at 
20 mA by C2, independent of the speaker signal 
level. When the input voltage then drops below 
the preset level, ΤΙ and T2 will switch off. How- 
ever, the LED will remain lit for a few moments 
longer while ΟἹ discharges via R7 and R8. 


Construction should not present any problems if 
the printed circuit board shown in figure 2 is 
used. It would probably be advisable to use the 
larger type of LED for maximum ‘visibility’. 
Calibration is carried out in the following 
manner. If the peak power of the amplifier is 
known, its peak voltage can be calculated with 





the formula: 
Vpeak = 2X Ppeak X Rspeaker 

Connect the indicator circuit to a stabilised 
power supply (positive to point A), and set the 
DC supply level to the calculated value. P1 
should then be turned back until the LED just 
begins to light. During this operation care 
should be taken to ensure that the LED does not 
remain lit for too long because it may cause the 
dissipation limit of T4 to be exceeded. 

Once the clipping level has been set, the circuit 
may be connected to one of the speaker outputs 
of the amplifier or, if desired, to one of the 
speakers. It may be possible to modify the circuit 
to operate a relay that rings a bell... or fires a 
cannon perhaps? 











Components required: 
Resistors: 
R1 1000 
R2 = 27k 
R3 = 5k6 
R4 = 2k7 
R5 = 8k2 
R6 = 39k 
R7 = 2200 
R8 = 1M 
R9 = 3k3 
R10 = 270 
= 100 k adjustable potentiometer 
Capacitors: 
ΟἹ = 100n 
C2 = 220y F/50 V 
Semiconductors: 
D1 = 1N4004 
D2, D3, D4 = 1N4148 
D5 = LED 
T1, T3, T4 = BC 547B 
T2 = BC 5578 























6502 Tracer 








^ program that has been written into an assembler 

will rarely run error free on the first run. It often ex- 
: in bad cases, 

there is a complete hang up and it is then necessary 

to start the computer afresh with a RESET. 

To find such faults in a relatively easy manner, the 

tracer described here will be found very useful. 





hibits blurbs and other rambling 





address range SF000 


The circuit layout of the tracer is shown in figure 1. 
Gate N: is an address decoder, whose output in the 
SFFFF is logic 0. NAND 
gate Nz is fed with the SYNC signal from the com- 
puter and the 0 signal; it is disabled by either the ad- 
dress decoder, Ni, or bistable ΕΕΣ The address 
decoder disables Ne when the EPROM is addressed 
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from the CPU. This prevents the SYNC line of the 
6502 processor generating an MI (maskable inter- 
rupt). If the processor passes through a machine 
program somewhere in the RAM, Nz generates an 


interrupt as soon as the processor reads an opcode, 
which makes"the SYNC line logic 1. This non 
maskable interrupt directs the processor to an inter 
rupt program in the monitor program. All CPU 
registers are safeguarded by this interrupt program 
and subsequently displayed on the monitor screen. 
At the same time, the processor disassembles the 
next command, 


The programmer can, therefore, see beforehand 
under what conditions the processor starts with the 
execution of the next opcode. Since the status 
register and all its flags are also displayed on the 
screen, the programmer can easily ascertain 
whether a flag in the status register has been set in- 
correctly. 

Bistable FF, serves as 4 debounce stage; FF: 
toggles on receipt of a leading edge from FF: that 
is, every time S: is pressed. When the tracer is 
switched on, Ds lights. Resistor Κα and capacitor C: 
form a power-on reset network that automatically 
switches the tracer off when the computer is 
switched on. 

The printed circuit board for the tracer is shown in 
figure 2. If you want to build the tracer into the 
computer case, the PCB can be cut along the dash- 
ed line, so that the section containing Sı and Sz may 
be fitted in the most convenient position. Switch Ss 
must be connected to the tracer via a suitable cable, 
but Sz may be connected to the manual RESET of 
the system. 
































Parts list 


Resistors: 

R= 1k 
Re...Re = 10k 
Rs = 2202 


Capacitors: 
Ci = 104/16 V 
C: = 100n 


Semiconductors: 
D: = LED (red) 
IC: = 741522 
IC: = 741574 


Miscellaneous: 

Sı = miniature spring-loaded press-to- 
make switch 

S: = miniature spring-loaded press-to- 
make switch (see text) 

PCB 85466 
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HOW TO KEEP INDUSTRIAL 
TEMPERATURES FROM RISING! 


WITH AFCOSET HEATSINKS. 


The widest range of Heatsinks on the Indian industrial electronic circuit 
comes from Afcoset. And it comes in consistently superior quality. 


Besides, progressive research allows Afcoset to custom-build Heatsinks to 
your specific requirements. 


So if you're looking for high thermal efficiency, make contact with Afcoset. 





